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PARTL 



THE TOPOGRAPHY. 



WITH SOME NOTES ON THE SUBFAOE aBOIX>GT. 



GEOGRAPHY AND SURFACE GEOLOGY OF 
THE DEVIL'S LAKE REGION. 



CHAPTER I. 



GENBKAL GEOGRAPHIC FEATURES. 

This report has to do with the physical geography of the area 
in south central Wisconsin, shown on the accompanying sketch 
map, Plate I. The region is of especial interest, both because 
of its striking scenery, and because it illustrates clearly many 
of the principles involved in the evolution of the geography of 
land surfaces. 

Generally speaking, the region is an undulating plain, above 
which rise a few notable elevations, chief among which are the 
Baraboo quartzite ranges, marked by diagonal lines on Plates I 
and II. These elevations have often been described as two 
ranges. The South or main range lies three miles south of Bara- 
boo, while the North or lesser range, which is far from continu- 
ous, lies just north of the city. 

The main range has a general east-west trend, and rises with 
bold and sometimes precipitous slopes 500 to 800 feet above its 
surroundings. A deep gap three or four miles south of Baraboo 
(Plates II, V, p. 14, and XXXVII, p. 108) divides the main 
range into an eastern and a western portion, known respectively 
as the East and West bluffs or ranges. In the bottom of the gap 
lies Devil's lake (i, Plate II and Plate XXXVII), perhaps the 
most striking body of water of its size in the state, if not in the 
i^hole northern interior. A general notion of the topography 
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of a small area in the immediate vicinity of the lake may be ob- 
tained from Plate XXXVII. 

The highest point in the range is about four miles east of 
the lake, and has an elevation of more than 1,600 feet above sea 
level, more than 1,000 feet above Lake Michigan, and about 
800 feet above the Baraboo valley at its northern base. The 
eastward extension of the west range (Plate XXXVII) lying 
south of the lake, and popularly known as the DeviVs nose, 
reaches an elevation of a little more than 1,500 feet. 

The lesser or North quartzite range (Plate II) rises 300 feet 
to 500 feet above its surroundings. It assumes considerable 
prominence at the Upper and Lower narrows of the Baraboo (b 
and c, Plate II, c, Plate XXXVII and Plate IV, p. 13). The 
North range is not only lower than the South range, but its 
slopes are generally less steep, and, as Plate II shows, it is also 
less continuous. The lesser elevation and the gentler slopes 
make it far less conspicuous. About three miles southwest of 
Portage (Plate II) the North and South ranges join, and the 
elevation at the point of union is about 450 feet above the Wis- 
consin river a few miles to the east. 

The lower coimtry above which these conspicuous ridges rise, 
has an average elevation of about 1,000 feet above the sea, and 
extends far beyond the borders of the area with which this re- 
port is concerned. The rock underlying it in the vicinity of 
Baraboo is chiefly sandstone, but there is much limestone far^ 
ther east and south, in the area with which the Baraboo region 
is topographically continuous. Both the sandstone and lime- 
stone are much less resistant than the quartzite, and this differ- 
ence has had much to do with the topography of the region. 

The distinctness of the quartzite ridges as topographic fea- 
tures is indicated in Plate XXXVII by the closeness of the 
contour lines on their slopes. The same features are shown 
in Figs. 1 and 2, which represent profiles along two north-south 
lines passing through Baraboo and Merrimac respectively. 
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Q GEOGRAPHY OF THE DEVIU8 LAKE REGION. 

I. THE PLAIN SURROUNDING THE QUARTZITE BIDGES. 

Topography. — As seen from the top of the quartzite ridges, 
the surrounding country appears to be an extensive plain, but at 
closer range it is seen to have considerable relief although there 
are extensive areas where the surface is nearly flat. 

The relief of the surface is of two somewhat different types. 
In some parts of the area, especially in the western part of the 
tract shown on Plate II, the surface is made up of a succession 
of ridges and valleys. The ridges may be broken by depressions 
at frequent intervals, but the valleys are nowhere similarly in- 
terrupted. It would rarely be possible to walk along a ridge or 
"divide" for many miles without descending into valleys; but 
once in a valley in any part of the area, it may be descended 
without interruption, until the Baraboo, the Wisconsin, the Mis- 
sissippi, and finally the gulf is reached. In other words, the 
depressions are continuous, but the elevations are not. This is 
the first type of topography. 

Where this type of topography prevails its relation to drain- 
age is evident at a glance. All the larger depressions are oc- 
cupied by streams continuously, while the smaller ones contain 
running water during some part of the year. The relations of 
streams to the depressions, and the wear which the streams ef- 
fect, whether they be permanent or temporary, suggest that run- 
ning water is at least one of the agencies concerned in the mak- 
ing of valleys. 

An idea of the general arrangement of the valleys, as well as 
many suggestions concerning the evolution of the topography of 
the broken plain in which they lie might be gained by entering 
a valley at its head, and following it wherever it leads. 
At its head, the valley is relatively narrow, and its slopes de- 
scend promptly from either side in such a manner that a crossr 
section of the valley is V-shaped. In places, as west of Camp 
Douglas, the deep, steep-sided valleys are found to lead down 
and out from a tract of land so slightly rolling as to be well 
adapted to cultivation. Following down the valley, its pro- 
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gressive increase in width and depth is at once evident, and at 
Ae same time small tributary valleys come in from right and 
left. At no great distance from the heads of the valleys, streams 
are found in their bottoms. 

Aft the valleys increase in width and depth, and as the tribu- 
taries become more numerous and wider, the topography of 
which the valleys are a feature, becomes more and more broken. 
At first the tracts between the streams are in the form of ridges, 
wide if parallel valleys are distant from one another, and nar- 
row if they are near. The ridges wind with the valleys which 
separate them. Whatever the width of the inter-stream ridges^ 
it is clear that they must become narrower as the valleys between 
them become wider, and in following down a valley a point is- 
reaxshed, sooner or later, where the valleys, main and tributary, 
are of such size and so numerous that their slopes constitute a 
large part of the surface. Where this is true, and where the 
valleys are deep, the land is of little industrial value except for 
timber and grazing. When, in descending a valley system, thiB 
sort of topography is reached, the roads often follow either the 
valleys or the ridges, however indirect and crooked they may be. 
Where the ridges separating the valleys in such a region have 
considerable length, they are sometimes spoken of as *Tiog 
backs." Still farther down the valley system, tributary valleys 
of the second and lower orders cross the "hog backs," cutting 
them into hills. 

By the time this sort of topography is reached, a series of 
flats is found bordering the streams. These flats may occur on 
both sides of the stream, or on but one. The topography and 
the soil of these flats are such as to encourage agriculture, and 
the river flats or alluvial plains are among the choicest farming 
lands. 

With increasing distance from the heads of the valleys, these 
river plains are expanded, and may be widened so as to occupy 
the greater part of the surface. The intervening elevations are 
there relatively few and small Their crests, however, often 
rise to the same level as that of the broader inter-stream areas 
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farther up the valleys. The relations of the yallejB and the 
high lands separating them, is such as to suggest that there are, 
generally speaking, two sets of flat surfaces, the higher one rep* 
resenting the upland in which the valleys lie, the lower one rep- 
resenting the alluvial plains of the streams. The two sets of 
flats are at once separated and connected by slopes. At the 
head of a drainage system, the upland flats predominate ; in the 
lower courses, the river plains; in an intermediate stage, the 
slopes are more conspicuous than either upper or lower flat. 

Southwest from Devil's lake and northwest from Sauk City, 
in the valley of Honey creek, and again in the region southwest 
from Camp Douglas, the topography just described is well illusr 
trated. In both these localities, as in all others where this type 
of topography prevails, the intimate relations of topography and 
drainage cannot fail to suggest that the streams which are today 
widening and deepening the valleys through which they flow, 
had much to do with their origin and development This hy- 
pothesis, as applied to the region under consideration, may be 
tested by the study of the structure of the plain. 

The second type of topography affecting the plain about the 
quartzite ranges is found east of a line running from Kilboum 
City to a point just north of Prairie du Sac. Though in its 
larger features the area east of this line resembles that to the 
west, its minor features are essentially different. Here there 
are many depressions which have no outlets, and marshes, ponds, 
and small lakes abound, ^ot only this, but many of the lesser 
elevations stand in no definite relation to valleys. The two 
types of topography make it clear that they were developed in 
different ways. 

Structure.— Exmnnfition of the country surrounding the 
Baraboo ridges shows that its surface is underlaid at no great 
depth by horizontal or nearly horizontal beds of sandstone and 
limestone (see Plates XVI, p. 49, XXVIII, p. 70, and Frontis- 
piece). These beds are frequently exposed on opposite sides of 
ft valley, and in such positions the beds of one side are found to 
match those on the other. This is well shown along the narrow 
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valley of Skillett creek just above the "Pewit's nest." Here the 
ewif t stream is rapidly deepening its channel, and it is clear that 
a few years hence, layers of sandstone which are now continuous 
beneath the bed of the creek will have been cut through, and their 
edges will appear on opposite sides of the valley just as higher 
layers do now. Here the most skeptical might be convinced that 
the layers of rock on either side of the narrow gorge were once 
continuous across it, and may see, at the same time, the means by 
which the separation was effected. Between the slight separa- 
tion, here, where the valley is narrow, and the great separation 
where the valleys are wide, there are all gradations. The study 
of progressively wider valleys, commencing with such a gorge as 
that referred to, leaves no room for doubt that even the wide 
valleys, as well as the narrow ones, were cut out of the sand- 
stone by running water. 

The same conclusion as to the origin of the valleys may be 
reached in another way. Either the beds of rock were formed 
with their present topography, or the valleys have been exca- 
vated in them since they were formed. Their mode of origin 
will therefore help to decide between these alternatives. 

Origin of the sandstone and limestone. — The sandstone of the 
region, known as the Potsdam sandstone, consists of medium 
€dzed grains of sand, cemented together by siliceous, ferruginous, 
or calcareous cement. If the cement were removed, the sand- 
stone would be reduced to sand, in all respect similar to that ac- 
cumulating along the shores of seas and lakes today. 

The surfaces of the separate layers of sandstone are often dis- 
tinctly ripple-marked (Fig. 1, PI. Ill), and the character of the 
markings is identical in all essential respects with the ripples 
which affect the surface of the sand along the shores of Devil's 
lake, or sandy beaches elsewhere, at the present time. These rip- 
ple marks on the surfaces of the sandstone layers must havQ 
originated while the sand was movable, and therefore before it 
was cemented into sandstone. 

In the beds of sandstone, fossils of marine animals are found. 
Shells, or casts of shells of various sorts are common, as are also 
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the tracks and burrowings of animals which had no shells. 
Among these latter signs of life may be mentioned the borings of 
worms. These borings are not now always hollow, but their fill- 
ings are often so unlike the surrounding rock, that they are still 
clearly marked. These worm borings, like the ripple marks, 
show that the sand was once loose. 

The basal beds of the sandstone are often conglomeratic. The 
conglomeratic layers are made up of water-worn pieces of quartz- 
ite, Plate III, Fig. 2, p. 9, ranging in size from small pebbles to 
large bowlders. The interstices of the coarse material are filled by 
sand, and the whole cemented into solid rock. The conglom- 
eratic phase of the sandstone may be seen to advantage at Par- 
frey's glen (a, Plate XXXVII, p. 108) and Dorward's glen, (&, 
same plate) on the East bluff of Devil's lake above the Cliff 
House, and at the Upper narrows of the Baraboo, near Ablemans. 
It is also visible at numerous other less accessible and less easily 
designated places. 

From these several facts, viz.: the horizontal strata, the 
ripple-marks on the surfaces of the layers, the fossils, the char- 
acter of the sand, and the water-worn pebbles and bowlders of 
the basal conglomerate, positive conclusions concerning the or- 
igin of the formation may be drawn. 

The arrangement in definite layers proves that the formation 
is sedimentary ; that is, that its materials were accumulated in 
water whither they had been washed from the land which then 
existed. The ripple-marks show that the water in which the 
beds of sand were deposited was shallow, for in such water only 
are ripple-marks made.^ Once developed on the surface of the 
sand they may be preserved by burial under new deposits, just 
as ripple-marks on sandy shores are now being buried and pre- 
served. 

The conglomerate beds of the formation corroborate the con- 
clusions to which the composition and structure of the sandstone 
point. The water-worn shapes of the pebbles and stones show 



> Ripple marks are often leen on the inrface of wind-blown sand, but the other 
feature! of thia sandftone show that this was not its mode of accumulation. 
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that they were accumulated in water, while their size shows that 
the water must have been shallow, for stones of such sizes are 
handled only by water of such slight depth that waves or strong 
currents are effective at the bottom. Furthermore, the large 
bowlders show that the source of supply (quartzite) must have 
been close at hand, and that therefore land composed of this 
rock must have existed not far from the places where the con- 
glomerate is found. 

The fossils likewise are the fossils of aquatic life. Not only 
this, but they are the fossils of animals which lived in salt water. 
The presence of salt water, that is, the sea, in this region when 
the sand of the sandstone was accumulating, makes the wide 
extent of the formation rational. 

From the constitution and structure of the sandstone, it is 
therefore inferred that it accumulated in shallow sea water, and 
that, in the vicinity of DeviFs lake, there were land masses 
(islands) of quartzite which furnished the pebbles and bowlders 
found in the conglomerate beds at the base of the formation. 

This being the origin of the sandstone, it is clear that the lay- , 
ers which now appear on opposite sides of valleys must once 
have been continuous across the depressions; for the sand ac- 
cumulated in shallow water is never deposited so as to leave 
valleys between ridges. It is deposited in beds which are con- 
tinuous over considerable areas. 

Within the area under consideration, limestone is much less 
widely distributed than sandstone. Thin beds of it alternate 
with layers of sandstone in the upper portion of the Potsdam 
formation, and more massive beds lie above the sandstone on 
some of the higher elevations of the plain about the quartzite 
ridge. This is especially true in the southern and southwestern 
parts of the region shown on Plate II. The limestone inmie- 
diately overlying the sandstone is the Lower Magnesian lime- 
stone. 

The beds of limestone, like those of the sandstone beneath, 
are horizontal or nearly so, and the upper formation lies con- 
formably on the lower. The limestone does not contain water- 
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worn pebbles, and the surfaces of its layers are rarely if ever 
ripple-marked ; yet the arrangement of the rock in distinct lay- 
ers which carry fossils of marine animals shows that the lime- 
stone, like the sandstone beneath, was laid down in the sea. 
The bearing of this origin of the limestone on the development 
of the present valleys is the same as that of the sandstone. 

Origin of the topography. — The topography of the plain sur- 
rounding the quartzite ridges, especially that part lying west of 
DeviPs lake, is then an erosion topography, developed by run- 
ning water. Its chief characteristic is that every depression 
leads to a lower one, and that the form of the elevations, hills or 
ridges, is determined by the valleys. The valleys were made ; 
the hills and ridges left. If the material carried away by the 
streams could be returned, the valleys would be filled to the 
level of the ridges which bound them. Were this done, the re- 
stored surface would be essentially flat. It is the sculpturing of 
such a plain, chiefly by running water, which has given rise to 
the present topography. 

In the development of this topography the more resistant 
limestone has served as a capping, tending to preserve the hills 
and ridges. Thus many of the hills, especially in the south- 
west portion of the area shown in Plate II, are found to have 
caps of the Lower Magnesian formation. Such hills usually 
have flat tops and steep or even precipitous slopes down to the 
base of the capping limestone, while the standstone below, 
weathering more readily, gives the lower portions of the hills a 
gentler slope. 

The elevations of the hills and ridges above the axes of the 
valleys or, in other words, the relief of the plain is, on the aver- 
age, about 800 feet, only a few of the more prominent hills ex- 
ceeding that figure. 

The topography east of the line, between Kilboum City and 
Prairie du Sac is not of the unmodified erosion type, as is made 
evident by marshes, ponds and lakes. The departure from the 
erosion type is due to a mantle of glacial drift which masks the 
topography of the bedded rock beneath. Its nature, and the 
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topographic modifications which it has produced, will be more 
fully considered in a later part of this report (p. 85). 

n. THE QUABTZITE BIDGES. 

Topography. — The South or main quartzite range, about 23 
miles in length and one to four miles in width, rises 500 feet to 
800 feet above the surrounding sandstone plain. Its slopes are 
generally too steep for cultivation, and are clothed for the most 
part with a heavy growth of timber, the banks of forest being 
broken here and there by cultivated fields, or by the purple grey 
of the rock escarpments too steep for trees to gain a foothold. 
With the possible exception of the Blue mounds southwest of 
Madison, this quartzite range is the most obtrusive topographic 
feature of southern Wisconsin. 

As approached from the south, one of the striking features 
of the range is its nearly even crest. Extending for miles in sj\ 
east-west direction, its summit gives a sky-line of long and gen- 
tle curves, in which the highest points are but little above the 
lowest. Viewed from the north, the evenness of the crest is 
not less distinct, but from this side it is seen to be interrupted 
by a notable break or notch at Devil's lake (Plates V and 
XXXVII). The pass across the range makes a right-angled 
turn in crossing the range, and for this reason is not seen from 
the south. 

The North or lesser quartzite range lying north of Baraboo 
is both narrower and lower than the south range, and its crest 
is frequently interrupted by notches or passes, some of which 
are wide. Near its eastern end occurs the striking gap known 
as the Lower narrows (Plate IV) through which the Bara- 
boo river escapes to the northward, flowing thence to the 
Wisconsin. At this narrows the quartzite bluffs rise abruptly 
500 feet above the river. At a and h, Plate II, there are similar 
though smaller breaks in the range, also occupied by streams. 
The connection between the passes and streams is therefore close. 

There are many small valleys in the sides of the quartzite 
ranges (especially the South range) which do not extend back 
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to their crests, and therefore do not occasion passes across them. 
The narrow valleys at a and b in Plate XXXVII, known as Par- 
f rey^s and Dorward's glens, respectively, are singularly beautiful 
gorges, and merit mention as well from the scenic as from the 
geologic point of view. Wider valleys, the heads of which do 
not reach the crest, occur on the flanks of the main range (as at 
d and e, Plate II) at many points. One such valley occurs east 
of the north end of the lake (x, Plate XXXVII), another west 
of the south end (y, Plate XXXVII), another on the north face 
of the west bluff west of the north end of the lake and between 
the East and West Sauk roads, and still others at greater dis- 
tances from the lake in both directions. It is manifest that if the 
valleys were extended headward in the direction of their axes, 
they would interrupt the even crest. Many of these valleys, un- 
like the glens mentioned above, are very wide in proportion to their 
length. In some of these capacious valleys there are beds of 
Potsdam sandstone, showing that the valleys existed before the 
sand of the sandstone was deposited. 

The structure and constitution of the ridges. — The quartzite 
of the ridges is nothing more nor less than altered sandstone. 
Its origin dates from that part of geological time known to geolo- 
gists as the Upper Huronian period (see p. 23). The popular 
local belief that the quartzite is of igneous origin is without the 
slightest warrant. It appears to have had its basis in the notion 
that Devil's lake occupies an extinct volcanic crater. Were this 
the fact, igneous rock should be found about it. 

Quartzite is sandstone in which the intergranular spaces have 
been filled with silica (quartz) brought in and deposited by per- 
colating water subsequent to the accumulation of the sand. The 
conversion of sandstone into quartzite is but a continuation o^ 
the process which converts sand into sandstone. The Potsdp 
or any other sandstone formation might be converted into quar 
ite by the same process, and it would then be a metamorpl 
rock. 

Like the sandstone, the quartzite is in layers. This is pc 
nowhere so distinctly shown on a large scale as in the bl 
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Devil's lake, and at the east end of the Devil's nose. On the 
East bluff of the lake, the stratification is most distinctly seen 
from the middle of the lake, from which point the photograph 
reproduced in Plate VI was taken. 

Unlike the sandstone and limestone, the beds of quartzite are 
not horizontal. The departure from horizontality, technically 
known as the dip, varies from point. to point (Fig. 4). In the 
East bluff of the lake as shown in Plate VI, the dip is about 14^ 
to the north. At the Upper and Lower narrows of the Baraboo 
(b and c, Plate II) the beds are essentially vertical, that is, they 
have a dip of about 90°. Between these extremes, many inter- 
mediate angles have been noted. Plate VII represents a view 
near Ablemans, in the Upper narrows, where the nearly vertical 
beds of quartzite are well exposed." 

The position of the beds in the quartzite is not always easy of 
recognition. The diflSculty is occasioned by the presence of nu- 
merous cleavage planes developed in the rock after its conversion 
into quartzite. Some of these secondary cleavage planes are 
80 regular and so nearly parallel to one another as to be easily 
confused with the bedding planes. This is especially liable to 
make determinations of the dip diflScult, since the true bedding 
was often obscured when the cleavage was developed. 

In spite of the diflSculties, the original stratification can 
usually be determined where there are good exposures of the 
rock* At some points the surfaces of the layers carry ripple 
marks, and where they are present, they serve as a ready means 
of identifying the bedding planes, even though the strata are 
now on edge. Layers of small pebbles are sometimes 
found. They were horizontal when the sands of the quartzite 
were accumulating, and where they are found they are suflScient 
to indicate the original position of the beds. 

Aside from the position of the beds, there is abundant evi- 
dence of dynamic action^ in the quartzite. Along the railway 
at Devil's lake, half a mile south of the Cliff House, thin 

Irving: "The Baraboo Quartzite Ranges." Vol. II. Geology of Wisconsin, 
pp. 604-619. Van Hlse: "Some Dynamic Phenomena Shown by the Baraboo 
Quartslte Ranges of Central Wisconsin." Jour, of Geol., Vol. I, pp. 847-366. 
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nmes of scliiBtoee rock maj be seezi peraUel to the beddxag 
plonee. These zones of Bchistose rock a few inches in thioknm> 
were developed from the qnartzite by the sHpping of the rock 
on either side. This slipping presumably occurred during the 
adjustment of the heavy beds of quartzite to their new positionsj 
at the time of tilting and folding, for no thick series of rock can 
be folded without more or less slipping of the layers on one an- 
other. The slipping (adjustment) takes place along the weaker 
zones. Such zones of movement are sometimes known as shear 
zones, for the rock on the one side has been sheared (slipped) 
over that on the other. 

Near the shear zones parallel to the bedding planes, there is 
one distinct vertical shear zone (Plate VIII) three to four feet in 
widtL It is exposed to a height of fully twenty-five feet. 
Along this zone the quartzite has been broken into angular frag* 
mentSy and at places the crushing of the fragments has produced 
a "friction clay." Slipping along vertical zones would be no 
necessary part of folding, though it might accompany it. On 
the other hand, it might have preceded or followed the folding. 

Schistose structure probably does not always denote shearings 
at least not the shearing which results from folding. Extreme 
pressure is likely to develop schistosity in rock, the cleavage 
planes being at right angles to the direction of pressure. It is 
not always possible to say how far the schistosity of rock at any 
given point is the result of shear, and how far the result of pres- 
sure without shear. 

Schistose structure which does not appear to have resulted 
from shear, at least not from the shear involved in folding, is 
well seen in the isolated quartzite mound about four miles south- 
west of Baraboo on the West Sauk road (f, Plate II). These 
quartzite schists are to be looked on as metamorphosed quartzite, 
just as quartzite is metamorphosed sandstone. 

At the Upper narrows of the Baraboo also (b, Plate H, p. 6), 
evidence of dynamic action is patent Movement along bedding 
planes with attendant development of quartz schist has occurred 
here as at the lake (Plate IX). Besides the schistose belts, a 

2 
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wide zone of quartzite exposed in the bluffs at this locality haa^ 
been crushed into angular fragments, and afterwards re-cemented 
by white quartz deposited from solution by percolating waters 
(Plate X). This quartzite is eaid to be brecciated. Within thia 
zone there are spots where the fragments of quartzite are so well 
rounded as to simulate water-worn pebbles. Their forms appear 
to be the result of the wear of the fragments on one another dur- 
ing the movements which followed the crushing. Conglomerate 
originating in this way is friction conglomerate or Reibungs- 
hreccia. 

The crushing of the rock in this zone probably took place 
while the beds were being folded ; but the brecciated quartzite 
formed by the re-cementation of the fragments has itself been 
fractured and broken in such a manner as to show that the for- 
mation has sufFered at least one dynamic movement since the 
development of the breccia. That these movements were sep- 
arated by a considerable interval of time is shown by the fact 
that the re-cementation of the fragmental products of the first 
movement preceded the second. 

What has been said expresses the belief of geologists as to the 
origin of quartzite and quartz schists; but because of popular 
misconception on the point it may here be added that neither 
the changing of the sandstone into quartzite, nor the subsequent 
transformation of the quartzite to schist, was due primarily to 
heat Heat was doubtless generated in the mechanical action 
involved in these changes, but it was subordinate in importance, 
as it was secondary in origin. 

Igneous rock is associated with the quartzite at a few points. 
At g and A, Plate II (p. 5) there are considerable masses of 
porphyry, sustaining such relations to the quartzite as to indi- 
cate that they were intruded into the sedimentary beds after the 
deposition of the latter. 
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in. SBLATIOKS OF THE SANDSTONE OF THE PLAIN TO THE 

QUABTZITE OF THE BIDOES. 

The horizontal beds of Potsdam sandstone may be traced up 
to the bases of the quartz! te ranges, where they may frequently 
be seen to abut against the tilted beds of quartzite. ITot only 
this, but isolated patches of sandstone lie on the truncated edges 
of the dipping beds li quartzite weYL up on the slopes, and even 
on the crest of the ridge itself. In the former position they may 
be seen on the East bluff at Devil's lake, where horizontal beds 
of conglomerate and sandstone rest on the layers of quartzite 
which dip 14® to the north. 

The stratigraphic relations of the two formations are shown 
in Fig. 6 which represents a diagrammatic section from A to B, 
Plate H. Plate XI is reproduced from a photograph taken in 
the Upper narrows of the Baraboo near Ablemans, and shows 
the relations as they appear in the field. The quartzite layers 
are here on edge, and on them rest the horizontal beds of sand- 
stone and conglomerate. Similar stratigraphic relations are 
shown at many other places. This is the relationship of uncork' 
formity. 

Such an unconformity as that between the sandstone and the 
quartzite of this region shows the following sequence of events : 
1) the quartzite beds were folded and lifted above the sea in 
which the sand composing them was originally deposited ; 2) a 
long period of erosion followed, during which the crests of the 
folds were worn off ; 3) the land then sank, allowing the sea to 
again advance over the region ; 4) while the sea was here, sand 
and gravel derived from the adjacent lands which remained ua- 
submerged, were deposited on its bottom. These sands became 
the Potsdam sandstone. 

This sequence of events means that between the deposition of 
the quartzite and the sandstone, the older formation was dis- 
turbed and eroded. Either of these events would have produced 

« 

an unconformity ; the two make it more pronounced. That the 
•disturbance of the older formation took place before the later 
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sandstone was deposited is evident from the fact that the latter 
formation was not involved in the movements which disturbed 
the former. 

Ahbongh tha sandstone appears in patches on the qnartsite 
ranges^ it ia primarily the formation of the snrronnding plaina^ 
occnpying the broad valley between the ranges, and the terri«> 
tory snrronnding them. The qnartzite, on the other hand, id 
the f onnation of the ridges, thou^ it outcrops at a few points 
in the plain. (Compare Fktes II and XXX YII.) The striking 
topographio contrasts between the plains and the ridges is thw 
seen to be closely related to the rock formations involved. It i« 
the hard and resistant qnartzite which forms the ridges, and the 
ksB resistant sandstone n^iioh forms the lowlanda about them* 

Thajt qnartzite underlies the sandstone of the plain ia indi- 
cated by the occasional outcrops of the former rock on the plaim 
and from the fact that borings for deep wells have sometimes 
reached it where it is not exposed. 

The sandstone ef the plain and the quartzite of the ridges are 
not everywhere exposed. A deep but variable covering of loose 
material or moMtle rock (drift) is found throughout the ea3tem 
part of the area, but it does not extend far west of Baraboo. 
This mantle rock is so thick and so irregulajrly disposed that it 
haa given origin to small hills and ridges. These elevations are 
superimposed on the erosion topography of the underlying rock, 
showing that tfaie drift came into the region after the sandstone^ 
limestone, and quartrite had their present relations, and ossein 
tially their present topography. Further consideration will be 
given to the drift in a later part of this report. 
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CHAPTER n. 

OUTLINB OF THB HISTORT OF THB ROCK FORMATIONS WHICH 
SHOW THBMSBLVBS AT THB SURFACB. 

I. THE PBE-GAMBBIAN HISTOBY OF THB QUABTZITB. 

From loose sand to qtuirtzite. — To imderstand the geography^ 
of a region it is neoessary to imderstand the nature of the 
materials, the sculpture of which has made the geography. 

It has already been indicated (p. 14) that the Huronian 
quartzite of which the most prominent elevations of this region 
are composed, was once loose sand. Even at the risk of repeti- 
tion, the steps in its history are here recoimted. The source of 
the sand was probably the still older rocks of the land in the 
northern part of Wisconsin. Brought down to the sea by riversi 
or washed from the shores of the land by waves, the sand was 
deposited in horizontal or nearly horizontal beds at the bottom 
of the shallow water which then covered central and southern 
Wisconsin. Later, perhaps while it was still beneath the sea, 
the sand was converted into sandstone, the change being effected 
partly by compression which made the mass of sand more com- 
pact, but chiefly by the cementation of its constituent grains into 
a coherent mass. The water contained in the sand while con« 
Bolidation was in progress, held in solution some slight amount 
of silica, the same material of which the grains of sand them- 
selves are composed. Little by little this silica in solution was 
deposited on the surfaces of the sand grains, enlarging thenii 
and at the same time binding them together. Thus the sand be- 
came sandstone. Continued deposition of silica between and 
around the grains finally filled the interstitial spaces, and when 
tbis process was completed, the sandstone had been converted 
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into qufirtzite. Whil« quaaizite is a metamorphic sandetone^ 
it is not to be understood that sandstone cannot be metamor- 
phosed in other ways. 

Uplift and deformation. Dynamic metamorphiam. — ^After 
the deposition of the sands which later became the quartzite, the 
beds were uplifted and deformed^ as their present positions and 
relations show (p. 16). It is not possible to say how far the 
pgcooen of tranifdrmation of sand into qnartzite was carried 
while the loirauition was still beneath the shallow sea in 
which it was deposited. The sand may have been changed to 
sandstone, and the sandstone to quartzite, before the sea bottom 
was converted into land, while on the other hand, the formation 
may have been in any stage of change from sand to quartzite, 
when that event occurred. If the process of change was then 
incomplete, it may have been continued after the sea retired, 
by the percolating waters derived f rcxn the rainfall of the region. 

Either when first converted into land, or at some later time, 
the beds of rock were folded, and suffered such other nfaangfta 
as attend profound dynamic movements. The conversion of tha 
sandstone into quartzite probably preceded the defoniuiti<m| 
since many phenomena indicate thait the rock was quartzite and 
not sandstone when the folding took place. For example, tha 
crushing of the quartzite (now re-cemented into l^ecciated 
quartzite) at Ablemans probably dates from the erogenic movo- 
ments which folded the quartzite, and the fractured bits of vock 
often have comers and edges so sharp as to show that the rook 
was thoroughly quartzitic when the crushing took place. 

The uplift and deformation of the beds was probably accom- 
plished slowly, but the vertical and highly tilted strata diow 
that the changes were profound (see Fig. 4). 

The dynamic metamoiphism which accompanied this pro- 
found deformation has already been referred to (p. 15). Tho 
folding of the beds involved the slipping of some on others, and 
this resulted in the development of quartz schist along^ the Unas 
of severest movement. Changes effected in the texture and 
structure of the rock under such conditions constitute dynamic 
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metamarphism. In g^ieral^ the metamorphic changes effected 
hj djaamic action are much more profound than Uiose brought 
about in other ways, and most rocks which have been profoundly 
natamorphosed, were changed in this way. Dynamic action 
^nerates heat, but contrary to the popular notion, the heat in- 
volved in profound metamorphism is usually secondary, and the 
dynamic action fundamental. 

At the same time that quartz schist was locally developed from 
the quartzite, crushing probably occurred in other places. This 
is demorphism, rather than metamorphism. 

Erosion of the quarlzite. — When the Bturonian beds were 
raised to the estate of land, the processes of erosion immediatdy 
began to work on them. The heat and the cold, the plants and 
^ animals, the winds, and especially the rain and the water 
which came from the melting of the snow, produced their appro- 
]>riate effects. Under the influence of these agencies the surface 
of the rock was loosened by weathering, valleys were cut in it 
by running water, and wear and degradation went on at all 
points. 

The antagonistic processes of uplift and d^radation w^it 
on for unnimibered centuries, long enough for even the slow 
jNTOcesses involved to effect stupendous results. Degradation 
was continuous after the region became land, though uplift may 
not have been. On the whole, elevation exceeded degradation, 
for some parts of the quartzite finally came to stand high above 
the level of the sea, — the level to which all degradation tends. 

Fig. 4 (p. 16) conveys some notion of the amount of rock 
which was removed from the quartzite folds about Baraboo dur- 
ing this l<Hig period of erosion. The south range would seem 
to represent the stub of one side of a great anticlinal fold, a large 
part of which (represented by the dotted lines) was carried 
<iway, while the north range may be the core of another fold, 
now exposed by erosion. 

Some idea of the geography of the quartzite at the close of 
this period of erosion may be gained by imagining the work of 
later times undone. The younger beds covering the quartzite 
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of the plains have a thickness varying from zero to several him* 
dred feet, and effectually mask the irregularities of the surface 
of the subjacent quartzite. Could they be remaved, the topog- 
raphy of the quartzite would be disclosed, and found to have 
much greater relief than the present surface ; that is, the vertical 
distance betweeti the crest of the quartzite ridge, and the surface 
of the quartzite under the surrounding lowlands, would be 
greater than that between the same crest and the surface of the 
sandstone. But even this does not give the full measure of the 
relief of the quartzite at the close of the long period of erosion 
which followed its uplift, for allowance must be made for the 
amount of erosion which the crests of the quartzite ranges have 
suffered since that time. The present surface therefore does 
not give an adequate conception of the irregularity of the sur- 
face at the close of the period of erosion which followed the up- 
lift and deformation of the quartzite. So high were the crests 
of the quartzite ranges above their surroundings at that time, 
that they may well be thought of as mountainous. From this 
point of view, the quartzite ranges of today are the partially 
buried mountains of the pre-Potsdam land of south central Wis^ 
cousin. 

When the extreme hardness of the quartzite is remembered 
and also the extent of the erosion which affected it (Fig. 4) be- 
fore the next succeeding formation was deposited, it is safe to 
conclude that the period of erosion was very long. 

Thickness of the qiuirtzite. — The thickness of the quartzite is 
not known, even approximately. The great thickness in the 
south range suggested by the diagram (Fig. 4) may perhaps be 
an exaggeration. Faulting which has not been discovered may 
have occurred, causing repetition of beds at the surface 
(Fig. 6), and so an exaggerated appearance of thickness. After 
all allowances have been made, it is still evident that the thick- 
ness of the quartzite is very great 



HISTORY OF THE ROCK FORMATIONS. £7 



II. THE HISTOBY OF THE PALEOZOIC STRATA. 

The subsidence. — FoUowing the long period of erosion, the ir- 
regular and almost mountainous area of central Wisconsin waa 
depressed sufficiently to submerge large areas which had been 
land. The subsidence was probably slow, and as the sea ad- 
vanced from the south, it covered first the valleys and lowlandsi 
and later the lower hills and ridges, while the higher hiUs and 
ridges of the quartzite stood as islands in the rising sea. Still 
later, the highest ridges of the region were themselves probably 
submerged. 




Fio. 6. — A diagrammatic cross-Bection, showing how, by Suiting, the apparent 

thlckneaa of the quartslte would be Increased. 

The Potsdam sandstone (and conglomerate). — So soon as the 
sea began to overspread the region, its bottom became the site 
of deposition, and the deposition continued as long as the sub- 
mergence lasted. It is to the sediments deposited during the 
earlier part of this submergence that the name Potsdam is given. 

The sources of the sediments are not far to seek. As the for- 
mer land was depressed beneath the sea, its surface was doubt- 
less covered with the products of rock decay, consisting of earths, 
sands, small bits and larger masses of quartzite. These materi- 
alsy or at least the finer parts, were handled by the waves of 
the shallow waters, for they were at first shallow, and assorted 
and re-distributed. Thus the residuary products on the sub- 
merged surface, were ene source of sediments. 

From the shores also, so long as land areas remained, the 
waves derived sediments. These were composed in part of the 
weathered products of the rock, and in part of the undeoomr 
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posed rock against which the waves beat, after the loose materi- 
als had been worn awaj. These sediments derived from the 
shore were shifted, and finally mingled with those derived from 
the submerged surface. 

So long as any part of the older land remained above tha 
water, its streams brought sediments to the sea. These also 
were shifted by the waves and shore currents, and finally depos- 
ited with the others on the eroded surface of the quartzite. Thus 
sediments derived in various ways, but inherently essentially 
similar, entered into the new formation. 




Fxo. T.-^Dlagram to lllnstrate the theoretical dtopoeltlon of ■edtmeBte about 

aa lalaad. 




Fia. 8.— Same aa Fig. 7, except that the land haa been depreiaed. 

The first material to be deposited on the surface of the quartz- 
ite as it was submerged, was the coarsest part of the sediment 
Of the sediment derived by the waves from the coasts, and 
brought down to the sea by rivers, the coarsest would at each 
stage be left nearest the shore, while the finer was carried pro- 
gressively farther and farther from it. Thus at each stage die 
sand was deposited farther from the shore than the gravel, and 
the mud farther than the sand, where the water was so deep that 
the bottom was subject to little agitation by waves. The thMh 
retical distribution of sediments about an island as it was de* 
pressed, is illustrated by the following diagrams. Figs. T and 
8. It will be seen that the surface of the quartzite is imm^ 
diately overlain by conglomerate, but that the congiomerate 
its top is younger than tiiat near its base. 
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In cosformity with this natural distribution of Kdiments, 
the basal beds of tlie Potsdam fonnation are often conglomei^ 
fttio (Fig. 9, Plate III, p. 9, Fig. 2, and Plate XXV, p. 68). 
This may oftenest be seen near the qmtrtzite ridgea, for here only 
is the base of the formation commonlj exposed. The pebbles 
and larger masses of the conglomerate are quartzite, like that of 
the subjacent beds, and demonstrate the source of at least some of 
the material of the younger formation. That the pebbles and 
bowlders are of quartzite is significant, for it shows that the 
older formation had been changed from sandstone to quartzite, 
before the deposition of the Potsdam sediments. The sand as- 
sociated with the pebbles may well have come from the breaking 
up of the quartzite, though some of it may have been washed in 
from other sources by the waters in which the depoaition took 
place. 




Lrs^- --'-""--■— -'^^■"^-'- -' • --'-'--^ 

no. 9. — Sketch ghowlDg relktion of baaal Potadam conflomcnte uid audston* 
to tHe qnarulte. oD the Eaat bluK at DeTll'i l«ke. MUiia tb* aiB konM. 

The basal conglomerate may be seen at many places, but no- 
where about Devil's lake is it so well exposed as at Parfre^'B 
glen (a, Plate XXXVII, p. 108), where the rounded Btonee of 
which it is composed vary from pebbles, the size of a pea, to 
bowlders more than three feet in diameter. Other Iocalitie» 
where the conglomerates may he seen to advantage are Dorward's 
glen (b, Plate XXXVII), the Eaat bluff at Devil's lake just 
above the Cliff house, and at the Upper uanowB of the Barabeo, 
above Ablauans. 
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While the base of the Potsdam is conglomeratic in many 
places, the main body of it is so generally sandstone that the 
formation as a whole is commonly known as the Potsdam sand- 
atone. 

The first effect of the sedimentation which followed sub- 
mergence was to even up the irregular surface of the quartzite, 
for the depressions in the surface were the first to be submerged, 
and the first to be filled. As the body of sediment thickened, it 
buried the lower hills and the lower parts of the higher ones. 
The extent to which the Potsdam formation buried the main 
ridge may never be known. It may have buried it completely, 
for ae already stated (p. 19) patches of sandstone are found 
upon the main range. These patches make it clear that 
some formation yoimger than the quartzite once covered es- 
sentially all of the higher ridge. Other evidence to be adduced 
later, confirms this conclusion. It has, however, not been dem- 
onstrated that the high-level patches of sandstone are Potsdam. 

There is abundant evidence that the subsidence which let 
the Potsdam seas in over the eroded surface of the Huronian 
quartzite was gradual. One line of evidence is foimd in the 
cross-bedding of the sandstone (Plate XII) especially well exhib- 
ited in the Dalles of the Wisconsin. The beds of sandstone are 
essentially horizontal, but within the horizontal beds there are 
often secondary layers which depart many degrees from hori- 
zontality, the maximum being about 24°. Plates XXVTI, p. 
68, and XII, give a better idea of the structure here referred 
to than verbal description can. 

The explanation of cross-bedding is to be found in the varying 
conditions imder which sand was deposited. Cross-bedding de- 
notes shallow water, where waves and shore currents were ef- 
fective at the bottom where deposition is in progress. For a 
time, beds were deposited off shore at a certain angle, much as 
in the building of a delta (Fig. 10). Then by subsidence of the 
bottom, other layers with like structure were deposited over the 
first. By this sequence of events, the dip of the secondary layers 
should be toward the open water, and in this region their dip ia 
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generally to the south. At any stage of deposition the waves 
engendered by storms were liable to erode the surface of the 
deposits already made, and new layers, discordant with those 
below, were likely to be laid down upon them. The subordi- 
nate layers of each deposit might dip in any direction. If this 
process were repeated many times during the submergence, the 
existing complexity would be explained. 




Fio. 10. — A diagrammatic cross-section of a delta. 

The maximum known thickness of the Potsdam sandstone in 
Wisconsin is about 1,000 feet, but its thickness in this region 
is much less. Where not capped by some yoimger f ormation, 
its upper surface has suffered extensive erosion, and the present 
thickness therefore falls short of the original. The figures 
given above may not be too great for the latter. 

The Lower Magnesian limestone. — The conditions of sedi- 
mentation finally changed in the area under consideration. 
When the sand of the sandstone was being deposited, adjacent 
lands were the source whence the sediments were chiefly de- 
rived. The evidence that the region was sinking while the sand 
was being deposited shows that the land masses which were sup- 
plying the sand, were becoming progressively smaller. Ulti- 
mately the sand ceased to be washed out to the region here de- 
scribed, either because the water became too deep,^ or because 
the source of supply was too distant. When these relations were 
brought about, the conditions were favorable for the deposition 
of sediments which were to become limestone. These sediments 
consisted chiefly of the shells of marine life, together with an 
unknown amount of lime carbonate precipitated from the waters 
of the sea. The limestone contains no coarse, and but little 
fine material derived from the land, and the surfaces of its lay- 

^A fsw hnndred feet would saiBce. 
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ers are rarely if ever ripple-marked. The materials of 
it is made must therefore have been laid down in qtiiet waters 
which were essentially free from land-derived sediments. The 
depth of the water in which it was deposited was not^ however, 
great, for the fossils are not the remains of animals which ]*ved 
in abysmal depths. 

The deposition of limestone sediments following the deposi- 
tion of the Potsdam sands, does not necessarily mean that there 
was more or different marine life while the younger formation 
was making, but only that the shells, etc., which before had been 
mingled with the sand, making fossiliferous sandstone, were 
now accumulated essentially free from land-derived sediment, 
and therefore made limestone. 

Like the sandstone beneath, the limestone formation has a 
wide distribution outside the area here under discussion, showing 
that conditions similar to those of central Wisconsin were widely 
distributed at this time. 

The beds of limestone are conformable on those of the sand- 
stone, and the conformable relations of the two formations indi- 
cate that the deposition of the upper followed that of the lower, 
without interruption. 

The thickness of the Lower Magnesian limestone varies from 
less than 100 to more than 200 feet, but in this region its thick- 
ness is nearer the lesser figure than the larger. The limestone 
is now present only in the eastern and southern pairts of the area, 
though it originally covered the whole area. 

The 8t Peters sandstone. — Overlying the Lower Magnesian 
limestone at a few points, are seen remnants of St. Peters sand- 
stone. The constitution of this formation shows that conditions 
of sedimentation had again changed, so that sand was again de^ 
posited where the conditions had been favorable to the deposition 
of limestone but a short time before. This formation has been 
recognized at but two places (d and e) within the area shown 
on Plate XXXVII, but the relations at these two points are such 
as to lead to the conclusion that the formation may onoe have cov- 
ered the entire region. This sandstone formation is very like 
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the sandatone below. Its materiale doubtless came from the 
landa which then existed. The formation is relatively thinj 
ranging from somewhat below to somewhat above 100 feet. 

The change from the deposition of limestone sediments to 
sand ^lay well have resulted from the shoaling of the waters, 
which allowed the sand to be carried farther from shore. Rise 
of the land may have accompanied the shoaling of the waters, 
and the higher lands would have furnished more and coarser 
sediments to the sea. 

Younger heds. — That formations younger than the St. Peters 
sandstone once overl&id this part of 
Wisconsin is almost certain, though 
no remnants of them now exist. 
Evidence which cannot be here 
detailed' indicates that sedimen- 
tation about the quartzite ridges 
went on not only until the irreg- 
ularities of surface were evened 
up, but until even the highest 
peaks of the quartzite were buried, 
and that formations as high in the 

series as the Niagara limestone once I . .. I "fjfjf/;,* 

overlay their crests. Before this 
condition was reached, the quartz- 
ite ridges had of course ceased to 
be islands, and at the same time 
had ceased to be a source of supply 
of sediments. The aggregate thick- 
ness of the Paleozoic beds in the 
region, as first deposited, was prob- 
ably not less than 1,500 feet, and 
it may have been much more. This 
thickness would have buried the 
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crests of the quartzite ridges under fio. u.-TtM « 

Mveral hundred feet of sediment tiuiraeoan«Mei~Not ^ai~a 

, _. J , , an (oQiid about DatU'i Uka. 

(see Fig. 11). 
>Jonr. of d«ti.. Vol. Ill <pp. e6S-«7). 
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It is by no meaiiB certain that south central Wisconsin was con- 
tinuously submerged while this thick series of beds was being 
deposited. Indeed, there is good reason to believe that there 
was at least one period of emergence, followed, after a consid- 
erable lapse of time, by re-submergence and renewed deposition, 
before the Paleozoic series of the region was complete. These 
movements, however, had little effect on the geography of the 
r^on. 

Finally the long period of submergence, during which several 
changes in sedimentation had taken place, came to an end, and 
the area under discussion was again converted into land. 

Time involved. — Thou^ it cannot be reduced to numerical 
terms, the time involved in the deposition of these several for- 
mations of the Paleozoic must have been very long. It is prob- 
ably to be reckoned in millions of years, rather than in denomi- 
nations of a lower order. 

Climatic conditions. — ^Little is known concerning the climate 
of this long period of sedimentation. Theoretical considera- 
tions have usually been thought to lead to the conclusion that the 
climate during this part of the earth's history was uniform, 
moist, and warm; but the conclusion seems not to be so well 
foimded as to command great confidence. 

The uplift. — After sedimentation had proceeded to some such 
extent as indicated, the sea again retired from central Wiscon- 
sin. This may have been because the sea bottom of this region 
rose, or because the sea bottom in other places was depressed, 
thus drawing off the water. The topography of this new land, 
like the topography of those portions of the sea bottom which 
are similarly situated, must have been for the most part leveL 
Low swells and broad undulations may have existed, but no con- 
siderable prominences, and no sudden change of slope. The 
surface was probably so flat that it would have been regarded 
as a level surface had it been seen. 

The height to which the uplift carried the new land surface 
at the outset must ever remain a matter of conjecture. Some 
estimate may be made of the amoimt of uplift which the region 
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has sxiffered smce the beginning of this uplift, but it is unknown 
how much took place at this time, and how much in later periods 
of geological history. 

The new land surface at once became the site of new activi- 
ties. All processes of land erosion at once attacked the new 
surface, in the effort to carry its materials back to the sea. The 
sculpturing of this plain, which, with some interruption, has 
continued to the present day, has given the region the chief ele- 
ments of its present topography. But before considering the 
special history of erosion in this region, it may be well to con- 
sider briefly the general principles and processes of land degra- 
dation. 
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CHAPTER III. 

GENERAL OUTLINE OF RAIN AND RIVER EROSION. 

Elements of erosion. — The general process of subaerial ero- 
sion is divisible into the several sub-processes of weathering, 
transportation, and corrasion.^ 

Weathering is the term applied to all those processes ^^ich 
disintegrate and disrupt exposed surfaces of rock. It is ac- 
complished chiefly by solution, changes in temperature, the 
wedge-work of ice and roots, the borings of animals, and such 
chemical changes as surface water and air effect. The products 
of weathering are transported by the direct action of gravity, by 
glaciers, by winds, and by running water. Of these the last ia 
the most important 

Corrosion is accomplished chiefly by the mechanical wear of 
streams, aided by the hard fragments such as sand, gravel and 
bowlders, which they carry. The solution effected by the waters 
of a stream may also be regarded as a part of corrasion. Under 
ordinary circumstances solution by streams is relatively unim- 
portant, but where the rock is relatively soluble, and where con- 
ditions are not favorable for abrasion, solution may be more im- 
portant than mechanical wear. 

So soon as sea bottom is raised to the estate of land, it is at- 
tacked by the several processes of degradation. The processes 
of weathering at once begin to loosen the material of the surface 
if it be solid ; winds shift the finer particles about, and with the 
first shower transportation by running water begins. Weather- 
ing prepares the material for transportation and transportation 
leads to corrasion. Since the goal of all material transported by 

^ There la an admirable exposition of this subject In Gilbert's "Henry ICooa- 
talns." 
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running water is the sea, subaerial erosion means degradation of 
the surface. 

Erosion without valleys, — In the work of degradation the val- 
ley becomes the site of greatest activity, and in the following 
pages especial attention is given to the development of valleys 
and to the phases of topography to which their development 
leads. 

If a new land surface were to come into existence, composed 
of materials which were perfectly homogeneous, with slopes of 
absolute imiformity in all directions, and if the rain, the winds 
and all other surface agencies acted uniformly over the entire 
area, valleys would not be developed. That portion of the rain- 
fall which was not evaporated and did not sink beneath the 
surface, would flow oS. the land in a sheet The wear which it 
would eJBFect would be equal in all directions from the center. 
If the angle of the slope were constant from center to shore, or 
if it increased shoreward, the wear ejBFected by this sheet of water 
would be greatest at the shore, because here the sheet of flowing 
water would be deepest and swiftest, and therefore most effective 
in corrasion. 

The beginning of a valley. — But land masses as we know then^ 
do not have equal and uniform slopes to the sea in all directions, 
nor is the material over any considerable area perfectly homo- 
geneous. Departure from these conditions, even in the smallest 
degree, would lead to very different results. 

That the surface of newly emerged land masses would, as a 
rule, not be rough, is evident from the fact that the bottom of 
the sea is usually rather smooth. Much of it indeed is so nearly 
plane that if the water were withdrawn, the eye would scarcely 
detect any departure from planeness. The topography of a 
land mass newly exposed either by its own elevation or by the 
withdrawal of the sea, would ordinarily be similar to that which 
would exist in the vicinity of Necedah and east of Camp Doug- 
las, if the few lone hills were removed, and the very shallow val- 
leys filled. Though such a surface would seem to be moderately 
Tmiform as to its slopes^ and homogeneous as to its materiali 
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neither the uniformity nor the homogeneity are perfect, and the 
rain water would not run off in sheets, and the wear would not 
be equal at all points. 

Let it be supposed that an area of shallow sea bottom is raised 
above the sea, and that the elevation proceeds until the land haa 
an altitude of several hundred feet. So soon as it appears above 
the sea, the rain falling upon it b^ins to modify its surface. 
Some of the water evaporates at once, and has little effect on the 
surface ; some of it sinks beneath the surface and finds its way 
underground to the sea; and some of it runs off over the surface 
and performs the work characteristic of streams. So far as 
concerns modifications of the surface, the run-off is the most 
important part 

The run-off of the surface would tend to gather in the depres- 
sons of the surface, however slight they may be. This tendency 
is shown on almost every hillside during and after a considerable 
shower. The water concentrated in the depressions is in excess 
of that flowing over other parts of the surface, and therefore 
flows faster. Flowing faster, it erodes the surface over which 
it flows more rapidly, and as a result the initial depressions are 
deepened, and washes or gullies are started. 

Should the run-off not find irregularities of slope, it would, at 
the outset, fail of concentration ; but should it find the material 
more easily eroded along certain lines than along others, the 
lines of easier wear would become the sites of greater erosion. 
This would lead to the development of gullies, that is, to irregu- 
larities of slope. Either inequality of slope or material may 
therefore determine the location of a gully, and one of these con- 
ditions is indispensable. 

Once started, each wash or gully becomes the cause of its own 
growth, for the gfuUy developed by the water of one shower, de- 
termines greater concentration of water during the next 
Oreater concentration means faster flow, faster flow means more 
rapid wear, and this means corresponding enlargement of the 
depression through which the flow takes place. The enlarge- 
ment effected by successive showers affects a g^ly in all dimen- 
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sions. The water coming in at its head carries the head back 
into the land (head erosion), thus lengthening the gully; the 
water coming in at its sides wears back the lateral slopes, thus 
widening it ; and the water flowing along its bottom deepens it 
Thus gullies grow to be ravines, and farther enlargement by 
the same processes converts ravines into valleys. A river valley 
therefore is often but a gully grown big. 

The course of a valley. — ^In the lengthening of a gully or val- 
ley headward, the growth will be in the direction of greatest 
wear. Thus in Plate XIII, Fig. 1, if the water coming in at the 
head of the gully effects most wear in the direction a, the head of 
the gully will advance in that direction ; if there be most wear in 
the direction b or c, the head will advance toward one of these 
points. The direction of greatest wear will be determined either 
by the slope of the surface, or by the nature of the surface mate- 
rial. The slope may lead to the concentration of the entering wa- 
ters along one line, and the surface material may be less resistant 
in one direction than in another. If these factors favor the 
same direction of head-growth, the lengthening will be more 
rapid than if but one is favorable. If there be more rapid 
growth along two lines, as b and c, Plate XIII, Fig. 1, than be- 
tween them, two gullies may develop (Plate XIII, Fig. 2). 
The frequent and tortuous windings common to ravines and val- 
leys are therefore to be explained by the inequalities of slope or 
material which affected the surface while the valley was devel- 
oping. 

Tributary valleys. — ^Following out this simple conception of 
▼alley growth, we have to inquire how a valley system (a main 
valley and its tributaries) is developed^ The conditions which 
determine the location and development of gullies in a new land 
surface, determine the location and development of tributary 
gullies. In flowing over the lateral slopes of a gully or ravine, 
the water finds either slope or surface material failing of uni- 
formity. Both conditions lead to the concentration of the water 
along certain lines, and concentration of flow on the slope of an 
erosion depression, be it valley or gully, leads to the development 
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of a tributary depression. In its growth, the tributary repeats, 
in all essential respects, the history of its main. It is lengthened 
headward by water coming in at its upper end, is widened by 
side wash, and deepened by the downward cutting of the water 
which flows along its axis. The factors controlling its develop- 
ment are the same as those which controlled the valley to which 
it is tributary. 

There is one peculiarity of the courses of tributaries which 
deserves mention. Tributaries, as a rule, join their mains with 
an acute angle up stream. In general, new land surfaces, such 
as are now under consideration, slope toward the sea« If a 
tributary gully were to start back from its main at right angles, 
more water would come in on the side away from the shore, on 
account of the seaward slope of the land. This would be true of 
the bead of the gully as well as of other portions, and the effect 
would be to turn the head more and more toward parallelism 
with the main valley. Local irregularities of surface may, and 
frequently do, interfere with these normal relations, so that the 
general course of a tributary is occasionally at right angles to 
its main. Still more rarely does the general course of a tribu- 
tary make an acute angle with its main on the down stream side. 
Local irregularities of surface determine the windings of a trib- 
utary, so that their courses for longer or shorter distances may 
be in violation of the general rule (c. Fig. 43, p. 139) ; but on 
the whole, the valleys of a system whose history has not been in- 
terrupted in a region where the surface material is not notably 
heterogeneous, follow the course indicated above. This is 
shown by nearly every drainage system on the Atlantic Coastal 
plain which represents more nearly than any other portion of 
our continent, the conditions here under consideration. Fig. 12 
represents the drainage system of the Mullica river in southern 
New Jersey and is a type of the Coastal plain river system. 

How a valley gets a stream^ — Valleys may become somewhat 
deep and long and wide without possessing permanent streama, 
though from their inception they have temporary streams, the 
water for which is furnished by showers or melting snow. Yet 
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Booner or later, valleys come to have permanent streams. How 
are they acquired! Does the valley find the stream or the 
stream the valley ? For the answer to these questions, a hrief 
digression will be belpfnl. 




rio. 12. — A tTpleal rlTCT (f*tem of the CouUI pItiD tTpa. 



In cultivated regions, wells are of frequent occurrence. In a 
flat region of uniform structure, the depth at which well water 
may be obtained is essentially constant at all points. If boles 
(wells 1 and 2, Fig. 13) be excavated below this level, water 
seeps into them, and in. a series o£ wells the water stands at a 
nearly common leveL This means that the sub-structure is full 
of water up to that level. These relations are illustrated by Fig. 
IS, The diagram represents a vertical section through a flat re< 
gicoi from the surface (a s) down below the bottom of wells. The 
water stands at the some level in the two cells (1 and 2), and the 
plane through tbem, at the surface of the water, is the ground 
water level. If in such a surface a valley were to be cut imtil its 
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bottom was below the ground water level, the water would seep 
into it, as it does into the wells ; and if the amount were suffi- 
cient, a permanent stream would be established. This is illus- 
trated in Fig. 13. The lin^ a a represents the ground water 
level, and the level at ^diich the water stands in the wells, under 
ordinary circumstances. The bottom of the valley is below the 
level of the ground water, and the water seeps into it from either 
side. Its tendency is to fill the valley to the level a a. But in- 
stead of accumulating in the open valley as it does in the en- 
closed wells, it flows away, and the ground water level on either 
hand is drawn down. 




Fio. 18. — ^Diagram illuBtrating the relations of ground water to ■treama. 

The level of the ground water fluctuates. It is depressed when 
the season is dry (a^ a^), and raised when precipitation is 
abundant (a" a"). When it is raised, the water in the wells 
rises, and the stream in the valley is swollen. When it falls, the 
ground water surface is depressed, and the water in the wells be- 
comes lower. If the water surface sinks below the bottom of the 
wells, the wells "go dry ;" if below the bottom of the valley, the 
valley becomes for the time being, a "dry run." When a well 
is below the lowest ground-water level its supply of water never 
fails, and when the valley is suflSciently below the same level, its 
stream does not cease to flow, even in periods of drought. On 
account of the free evaporation in the open valley, the valley 
depression must be somewhat below the level necessary for a 
well, in order that the flow may be constant. 

It will be seen that intermittent streams, that is, streams 
which flow in wet seasons and fail in dry, are intermediate be- 
tween streams which flow after showers only, and those which 
flow without interruption. In the flgure the stream would be- 
come dry if the ground water level sank to a' a^. 
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It is to be noted that a permanent stream does not normally 
precede its valley, but that the valley, developed through gully- 
hood and ravine-hood to valley-hood by means of the temporary 
streams supplied by the run-off of occasional showers, finds a 
stream, just as diggers of wells find water. The case is not 
altered if the stream be fed by springs, for the valley finds the 
spring, as truly as the well-digger finds a "vein" of water. 

Limits of a valley. — So soon as a valley acquires a permanent 
stream, its development goes on without the interruption to 
which it was subject while the stream was intermittent. The 
permanent stream, like the temporary one which preceded it, 
tends to deepen and widen its valley, and, imder certain condi- 
tions, to lengthen it as well. The means by which these enlarge- 
ments are affected are the same as before. There are limits, 
however, in length, depth, and width, beyond which a valley 
may not go. No stream can cut below the level of the water 
into which it flows, and it can cut to that level only at its outlet 
Up stream from that point, a gentle gradient will be established 
over which the water will flow without cutting. In this condi- 
tion the stream is at grade. Its channel has reached baselevel^ 
that is, the level to which the stream can wear its bed. This 
grade is, however, not necessarily permanent, for what was base- 
level for a small stream in an early stage of its development, is 
not necessarily baselevel for the larger stream which succeeds 
it at a later time. 

Weathering, wash, and lateral corrasion of the stream con- 
tinue to widen the valley after it has reached baselevel. The 
bluffs of valleys are thus forced to recede, and the valley is 
widened at the expense of the upland. Two valleys widening 
on opposite sides of a divide, narrow the divide between them, 
and may ultimately wear it out. When this is accomplished, 
the two valleys become one. The limit to which a valley may 
widen on either side is therefore its neighboring vaUey, and 
since, after two valleys have become one by the elimination of 
the ridge between them, there are still valleys on either hand, 
the final result of the widening of all valleys must be to reduce 
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all tlie area which they drain to baselevel. Ab this process goes 
forward, the upper flat into which the valleys were cut is being 
restricted in area, while the lower fiats developed by the streams 
in the valley bottoms are being enlarged. Thus the lower flats 
grow at the expense of the higher. 

There are also limits in length which a valley may not exceed. 
The head of any valley may recede until some other valley is 
reached. The recession may not stop even there, for if, on op- 
posite sides of a divide, erosion is unequal, as between 1a and 
1b, Fig. 14, the divide will be moved toward the side of less 
rapid erosion, and it will cease to recede only when erosi<^n on 
the two sides becomes equal (4a and 4b). In homogeneous 
material this will be when the slopes on the two sides are equaL 




Fio. 14. — Diagram showing the shifting of a divide. The alopes lA and IB 
are nnecoal. The steeper slope is worn more rapidly and the divide la 
shifted from 1 to 4, where the two slopes become equal and the migration 
of the dlTlde ceases. 

It should be noted that the lengthening of a valley headward 
is not normally the work of the permanent stream, for the per- 
manent stream begins some distance below the head of the valley. 
At the head, therefore, erosion goes on as at the beginning, even 
after a permanent stream is acquired. 

Under certain circumstances, the valley may be lengthened 
at its debouchure. If the detritus carried by it is deposited at 
its mouth, or if the sea bottom beyond that point rise, the land 
may be extended seaward, and over this extension the stream 
will find its way. Thus at their lower, as well as at their upper 
ends, both the stream and its valley may be lengthened. 

A cycle of erosion. — If, along the borders of a new-bom land 
mass, a series of valleys were developed, essentially parallel to 
one another, they would constitute depressions separated by ele- 
vations, representing the original surface not yet notably affect- 
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ed by erosion (see Plate XIV, Fig. 1). These inter-valley areas 
might at first be wide or narrow, but in process of time they 
would necessarily become narrow, for, once, a valley is started, 
all the water which enters it from either side helps to wear 
back its slopes, and the wearing back of the slopes means the 
widening of the valleys on the one hand and the narrowing of the 
inter-valley ridges on the other. Not only would the water 
running over the slopes of a valley wear back its walls, but 
many other processes conspire to the same end. The wetting 
and drying, the freezing and the thawing, the roots of plants 
and the borings of animals, all tend to loosen the material on the 
slopes or walls of the valleys, and gravity helps the loosened 
material to descend. Once in the valley bottom, the running 
water is likely to carry it off, landing it finally in the sea. Thus 
the growth of the valley is not the result of running water alone, 
though this is the most important single factor in the process. 

Even if valleys developed no tributaries, they would, in 
the course of time, widen to such an extent as to nearly obliter- 
ate the intervening ridges. The surface, however, would not 
easily be reduced to perfect flatness. For a long time at least 
there would remain something of slope from the central axis of 
the former inter-stream ridge, toward the streams on either 
hand; but if the process of erosion went on for a sufficiently 
long period of time, the inter-stream ridge would be brought 
very low, and the result would be an essentially flat surface be- 
tween the streams, much below the level of the old one. 

The first valleys which started on the land surface (see Plate 
XIII, Fig. 3) would be almost sure to develop numerous tribu- 
taries. Into tributary valleys water would flow from their sides 
and from their heads, and as a result they would widen and deep- 
en and lengthen just as their mains had done before them. By 
lengthening headward they would work back from their mains 
some part, or even all of the way across the divides separating the 
main valleys. By this process, the tributaries cut the divides 
between the main streams into shorter cross-ridges. With the 
development of tributary valleys there would be many lines of 
drainage instead of two, working at the area between two main 
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streaniB. The result would be that the surface would be brou^t 
low much more rapidly, for it is clear that many valleys within 
the area between the main streams, widening at the same time, 
would diminish the aggregate area of the upland much more rap- 
idly than two alone could do. 

The same thing is made clear in another way. It will be seen 
(Plate XIV, Figs. 1 and 2) that the tributaries would presently 
dissect an area of uniform surface, tending to cut it into a series 
of short ridges or hills. In this way the amount of sloping sur- 
face is greatly increased, and as a result, every shower would 
have much more effect in washing loose materials down to lower 
levels, whence the streams could carry them to the sea. 





\/ 





Fza 16. — CztMM-BectlonB showing yarloiis lUges of erosion In one cjele. 



The successive stages in the process of lowering a surface are 
suggested by Fig. 16, which represents a series of cross-sections 
of a land mass in process of degradation. The uppermost sec- 
tion represents a level surface crossed by young valleys. The 
next lower represents the same surface at a later stage, when the 
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valleys have grown larger, while the third and succeeding sec- 
tions represent still later stages in the process of degradation. 
Plate XIII, Fig. 3, and Plate XIV, Figs. 1 and 2, represent 
in another way the successive stages of stream work in the gen- 
eral process of degradation. 

In this manner a series of rivers, operating for a suflSciently 
long period of time, might reduce even a high land mass to a 
low level, scarcely above the sea. The new level would be devel- 
oped soonest near the sea, and the areas farthest from it would 
be the last — other things being equal — to be brought low. The 
time necessary for the development of such a surface is known 
as a cycle of erosion, and the resulting surface is a base-level 
plairiy that is, a plain as near sea level as river erosion can bring 
it. At a stage shortly preceding the base-level stage the surface 
would be a peneplain. A peneplain, therefore, is a surface 
which has been brought toward, but not to base-level. Land 
surfaces are often spoken of as young or old in their erosion his- 
tory according to the stage of advancement which has been made 
toward baseleveling. Thus the Colorado canyon, deep and im- 
pressive as it is, is, in terms of erosion, a yoimg valley, for the 
river has done but a small part of the work which must be done 
in order to bring its basin to baselevel. 

Effects of unequal hardness. — The process of erosion thus 
sketched would ultimately bring the surface of the land down 
to base-level, and in case the material of the land were homo- 
geneous, the last points to be reduced would be those most re- 
mote from the axes of the streams doing the work of leveling. 
But if the material of the land were of unequal hardness, those 
parts which were hardest would resist the action of erosion most 
eflFectively. The areas of softer rock would be brought low, and 
the outcrops of hard rock (Plate XV) would constitute 
ridges during the later stages of an erosion cycle. If 
there were bodies of hard rock, such as the Baraboo quartzite, 
surroimded by sandstone, such as the Potsdam, the sandstone 
on either hand would be worn down much more readily than 
the quartzite, and in the course of degradation the latter would 
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oome to Btand out prominentlj. The region in the vicinity of 
Devil's lake is in that stage of erosion in which the quartzite 
ridges dre conspicuous (Plate XXXVII). The less resistant 
sandstone has been removed from about them, and erosion has not 
advanced ek far since the isolation of the quartzite ridges as to 
greatly lower their crests. The harder strata are at a 
level where surface water can still work effectively, even though 
slowly, upon them, and in spite of their great resistance they 
will ultimately be brought down to the common level. It will 
be seen that, from the point of view of subaerial erosion, a base- 
level plain is the only land surface which is in a condition of 
approximate stability. 

Falls and rapids. — If in lowering its channel a stream crosses 
one layer of rock much harder than the next underlying, the 
deepening will go on more rapidly on the less resistant bed. 
Where the stream crosses from the harder to the less hard, the 
gradient is likely to become steep, and a rapids is formed. These 
conditions are suggested in Fig. 16 which represent* the succes- 
sive profiles (a h,ac,de,fe,g e, and A e) of a streun crossing 
from a harder to a softer formation. Below the point a the 




Fig. 16. — Diagram to Illustrate the deyelopment of a rapid and fall. The up- 
per layer la harder than the strata below. The succeaalye profiles of the 
stream below the hard layer are represented by the lines att ao^ d e^f e, g e^ 
and h e. 



stream is flowing over rock which is easily eroded, while above 
that point its course is over a harder formation. Just below a 
(profile a h) the gradient has become so steep that there are 
rapids. Under these conditions, erosion is rapid just beyond 
the crossing of the hard layer, and the gradient becomes higher 
and higher. When the steep slope of the rapids approaches 
verticality, the rapids become a fall (profile a c). 

As the water falls over the precipitous face and strikes upon 
the softer rock below, part of it rebounds against the base of 
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the vertical face (Fig. 16). The result of wear at this point is 
the undermining of the hard layer above, and sooner or later, 
portions of it will fall. This will occasion the recession of the 
fall (profile d e and f e). As the fall recedes, it grows less and 
less high. When the recession has reached the point i, or, in 
other words, when the gradient of the stream below the fall 
crosses the junction of the beds of unequal hardness, as it ulti- 
mately must, effective undermining ceases, and the end of the 
fall is at hand. 

When the effective undercutting ceases because the softer 
bed is no longer accessible, the point of maximum wear is trans- 
ferred to the top of the hard bed just wl^ere the water begins 
to fall (g. Fig. 16][. The wear here is no greater than before, 
though it is greater relatively. The relatively greater wear at 
this point destroys the verticality of the face, converting it into 
a steep slope. When this happens, the fall is a thing of the 
past, and rapids succeed. With continued flow the bed of 
the rapids becomes less and less steep, until it is finally reduced 
to the normal gradient of the stream (h e), when the rapids dis- 
appear. 

When thin layers of rock in a stream's course vary in hard- 
ness, softer beds alternating with harder ones, a series of falls 
■such as shown in Plate XYI, may result As they work up 
stream, these falls will be obliterated one by one. Thus it is 
.seen that falls and rapids are not permanent features of the 
landscape. They belong to the younger period of a valley's his- 
tory, rather than to the older. They are marks of topographic 
joutL 

Narrows. — Where a stream crosses a hard layer or ridge of 
rock lying between softer ones, the valley will not widen so rap- 
idly in the hard rock as above and below. If the hard beds be 
vertical, so that their outcrop is not shifted as the degradation 
of the surface proceeds, a notable constriction of the valley re- 
sults. Such a constriction is a narrows. The Upper and Lower 
narrows of the Baraboo (Plate IV, p. 13) are good examples of 
the effect of hard rock on the widening of a valley. 

4 
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Erosion of folded strata. — The processes of river erosion 
would not be essentially different in case the land mass upon 
which erosion operated were made of tilted and folded strata. 
The folds would, at the outset, determine the position of the 
drainage lines, for the main streams would flow in the troughs 
(synclines) between the folds (anticlines). Once developed, the 
streams would lower their beds, widen their valleys, and lengthen, 
their courses, and in the long process of time they would bring the 
area drained nearly to sea-level, just as in the preceding case* 
It was under such conditions that the general processes of sub- 
aerial erosion operated in south central Wisconsin, after the up- 
lift of the quartzite and before the deposition of the Potsdam 
sandstone. It was then that the principal features of the topog- 
raphy of the quartzite were developed. 

In regions of folded strata, certain beds are likely to be more 
resistant than others. Where harder beds alternate with softer, 
the former finally come to stand out as ridges, while the out- 
crops of the latter mark the sites of the valleys. Such alterna- 
tions of beds of unequal resistance give rise to various peculi- 
arities of drainage, particularly in the courses of tributaries. 
These peculiarities find no illustration in this region and are not 
here discussed. 

Base-level plains and peneplains. — It is important to notice 
that a plane surface (base-level) developed by streams could 
only be developed at elevations but slightly above the sea, that 
is, at levels at which running water ceases to be an effective agent 
of erosion ; for so long as a stream is actively deepening its val- 
ley, its tendency is to roughen the area which it drains, not to 
make it smooth. The Colorado river, flowing through hi^ 
land, makes a deep gorge. All the streams of the western pla- 
teaus have deep valleys, and the manifest result of their action 
is to roughen the surface; but given time enough, and the 
streams will have cut their beds to low gradients. Then, 
though deepening of the valleys will cease, widening will not, 
and inch by inch and shower by shower the elevated lands be- 
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tween the valleys will be reduced in area, and ultimately the 
whole will be brought down nearly to the level of the stream 
beds. This is illustrated by Fig. 15. 

It is important to notice further that if the original surface 
on which erosion began is level, there is no stage intermediate 
between the beginning and the end of an erosion cycle, when 
the surface is again level, or nearly so, though in the stage of a 
cycle next preceding the last — ^the peneplain stage (fourth pro- 
fQe, Fig. 16) — ^the surfaoe approaches flatness. It is also im- 
portant to notice that when streams have cut a land surface down 
to the level at which they oease to erode, that surface will still 
possess some slight slope, and that to seaward. 

No definite degree of slope can be fixed upon as marking a 
base-level. The angle of slope which would practically stop 
erosion in a region of slight rainfall would be great enough to 
allow of erosion if the precipitation were greater. All that can 
be said, therefore, is that the angle of slope must be low. The 
Mississippi has a fall of less than a foot per mile for some hun- 
dreds of miles above the gulf. A small stream in a similar sit- 
uation would have ceased to lower its channel before so low a 
gradient was reached. 

The nearest approach to a base-leveled region within the area 
here under consideration is in the vicinity of Camp Douglas and 
Necedah (see Plate I, p. 4). This is indeed one of the best 
examples of a base-leveled plain known. Here the broad plain, 
extending in some directions as far as the eye can reach, is as 
low as it could be reduced by the streams which developed it. 
The erosion cycle which produced the plain was, however, not 
completed, for above the plain rise a few conspicuous hills 
(Plates XVII and XVIII, and Fig. 17), and to the west of 
it lie the highlands marking the level from which the low plain 
was reduced. 

Where a region has been clearly base-leveled, isolated masses 
or ridges of resistant rock may still stand out conspicuously 
above it The quartzite hill at Necedah is an example. Stfoh 
hills are known as manadnochs. This name was taken from 
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Hbont Monadnock ^ich owes its origin to tbe removal of the 
snrroundiiig less resistant beds. The name Iiaa now become 
generic. Many of the isolated hills on the peneplain east of 
Gamp Douglas are perhaps due to superior resistance, thou^ 
the rock of ^ich they are composed belongs to the same forma- 
tion as that '^ich has been removed. 




Fia. IT. — Sketch, looking northwHt from Camp Donflu. 

OHAXAOTBRISTICS OF TAIJ.ET8 AT TASIOU8 STA0E8 OF DSTKLOP- 

MENT. 

In the early stages of its development a depression made by 
erosion has steep lateral slopes, the exact character of which ia 
determined by many considerations. Its normal cross-section is 
usually described as V-diaped (Fig. 18). In the early stages 




Flo. 18. — Dlagnrnmatle crow-wctlon of «. ronns **lt«j. 

of its development, especially ii in unconsolidated material, the 
slopes are normally convex inward. If out in solid rock, the 
crosa section may be the same, though many variations are like- 
ly to appear, due especially to the structure of the rock and to 
inequalities of hardness. If a stream be swift enough to carry 
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off not only all the detritus, descending from its slopes, bat to 
abrado its bed effectively besides, a steep-sided goi^ develops. 
If it becomes deep, it is a etaiyoa. For the development of a 
canyon, tbe material of the walla must be sacb as is capable of 
standing at & bigh angle. A canyon always indicates that the 
down-cutting of a stream keeps well ahead of the widening. 

Of young valleys in loose material (drift) there are many ex- 
amples in the eastern portion of the area here described. Shal- 
low canyons or gorges in rock are also found. The gorge of 
Stdllett creek at and above the Pewit's neat about three mUee 
southwest from Baxaboo, the gorge of Dell creek two miles south 
of Kilboum City, and the Dalles of the Wisconsin at Kilboura 
,City may serve as illustrations of this type of valley. 



Ajrf 






Fia. 19. — Dlagranmiatle ptofll* of a young Ttllty. 

The profile of a valley at the stage of its development corre- 
sponding to the above secticm is represented diagrammatioally by 
the curve a b in Fig. 19. The sketch (Fl. XIX, Fig. 1) rep- 
resents a bird's-eye view of a valley in the same stage of devel- 
opment. 



At a stage of development later than that represented by the 
V-shaped cross-section, the corresponding section is U-shaped, as 
ohownin Fig. 20. The same form is sketched in Plate XIX, Fig. 
3. This represents a stage of development where detritus de- 
eoending the slopes is not all carried away by the stream, and 
where die valley is being widened faster than it is deqtened. Ita 
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slopes are therefore becoming gentler. The profile of the vall^ 
at thia stage would be much the same as that in the preceding, 
except that the gradient in the lower portion would be lower. 

Still later the cross section of the valley assumes the shape 
shown in Fig. 21, and in perspective the form sketched in Plate 
XX, Fig. 1. This transformation is effected partly by erosion, 
and partly by deposition in the valley. When a stream has cut its 
valley as low as conditions allow, it becomes sluggish. A slug- 
gish stream is easily turned from side to side, and, directed 
against its banks, it may undercut them, causing them to recede 
at the point of undercutting. In its meanderings, it undercuts 
at various points at various times, and the aggregate result is 
the widening of the valley. By this process alone the stream 
would develop a flat at grade. At the same time all the drain- 
age which comes in at the sides tends to carry the walls of the 
valley farther from its axis. 




Fio. 21. — Diagrammatic croM-tectlon of a ralley at a stage later than that 

shown In Fig. 20. 

A sluggish stream is also generally a depositing stream. Its 
deposits tend to aggrade (build up) the flat which its meander- 
ings develop. When a valley bottom is built up, it becomes 
wider at the same time, for the valley is, as a rule, wider at any 
given level than at any lower one. Thus the U-shaped valley 
is finally converted into a valley with a fiat bottom, the fiat be- 
ing due in large part to erosion, and in smaller part to deposi- 
tion. Under exceptional circumstances the relative importance 
of these two factors may be reversed. 

It will be seen that the cross-section of a vaUey affords a clue 
to its age. A valley without a fiat is young, and increasing age 
is indicated by increasing width. Valleys illustrating all stages 
of development are to be found in the Devil's lake r^ion. The 
valley of Honey creek southwest of Devil's lake may be taken 
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as an illustration of a valley at an intermediate stage of develop- 
menty while examples of old valleys are f oimd in the flat country 
about Camp Douglas and Necedah. 

Transportation and Deposition. 

Sediment is carried by streams in two ways: (1) by being 
rolled along the bottom, and (2) by being held in suspension. 
Dissolved mineral matter (which is not sediment) is also carried 
in the water. By means of that rolled along the bottom and 
carried in suspension, especially the former, the stream as al- 
ready stated abrades its bed. 

The transporting power of a stream of given size varies with 
its velocity. Increase in the declivity or the volume of a stream 
increases its velocity and therefore its transportive power. The 
transportation effected by a stream is influenced 1) by its trans- 
porting power, and 2) by the size and amoimt of material avail- 
able for carriage. Fine material is carried with a less expendi- 
ture of energy than an equal amount of coarse. With the same 
expenditure of energy therefore a stream can carry a greater 
amount of the former than of the latter. 

Since the transportation effected by a stream is dependent on 
its gradient, its size, and the size and amount of material avail- 
able, it follows that when these conditions .change so as to de- 
crease the carrying power of the river, deposition will follow, 
if the stream was previously fully loaded. In other words, a 
stream will deposit when it becomes overloaded. 

Overloading may come about in the following ways : (1) By 
decrease in gradient, checking velocity and therefore carrying 
power; (2) by decrease in amount of water, which may result 
from evaporation, absorption, etc. ; (3) by change in the shape 
of the channel, so that the friction of flow is increased, and there- 
fore the force available for transportation lessened ; (4) by lat- 
eral drainage bringing in more sediment than the main stream 
can carry ; (6) by change in the character of the material to which 
the stream has access ; for if it becomes finer, the coarse material 
^■eviously carried will be dropped, and the fine taken ; and (6) 
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by the checking of velocity when a stream flows into a body of 
standing water. 

Topographic forms resulting from stream deposition. — The 
topographic forms resulting from stream deposition are various. 
At the bottoms of steep slopes, temporary streams build alluvial 
cones or fans. Along its flood-plain portion, a stream deposits 
more or less sediment on its flats. The part played by deposi- 
tion in building a river flat has already been alluded to. A 
depositing etream often wanders about in an apparently aim- 
less way across its flood plain. At the bends in its course, cut- 
ting is often taking place on the outside of a curve while depo- 
sition is going on in the inside. The valley of the Baraboo il- 
lustrates this process of cutting and building. Fig. 2, Plate 
XX, is based upon the features of the valley within the city of 
Baraboo. 

Besides depositing on its flood-plain, a stream often deposits 
in its channel. Any obstruction of a channel which checks the 
current of a loaded stream occasions deposition. In this way 
"bars" are formed. Once started, the bar increases in size, for 
it becomes an obstacle to flow, and so the cause of its own growth. 
It may be built up nearly to the surface of the stream, and in 
low water, it may become an island by the depression of the 
surface water. In some parts of its course, as about Merrimac, 
the Wisconsin river is marked by such islands at low water, 
and by a much larger number of bars. 

At their debouchures, streams give up their loads of sediment. 
Under favorable conditions deltas are built, but delta-building 
has not entered into the physical history of this region to any 
notable extent 

Rejuvenation of Streams. 

After the development of a base-level plain, its surface would 
suffer little change (except that effected by imderground water) 
so long as it maintained its position. But if, after its develop- 
ment, a base-level plain were elevated, the old surface in a new 
position would be subject to a new series of changes identical 
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in kind with those which had gone before. The elevation would 
give the established streams greater fall, and they would re- 
assume the characteristics of youth. The greater fall would 
accelerate their velocities; the increased velocities would entail 
increased erosion ; increased erosion would result in the deepen- 
ing of the valleys, and the deepening of the valleys would lead 
to the roughening of the surface. But in the course of time, the 
rejuvenated streams would have cut their valleys as low as the 
new altitude of the land permitted, that is, to a new base-leveL 
The process of deepening would then stop, and the limit of ver- 
tical relief which the streams were capable of developing, would 
be attained. But the valleys would not stop widening when 
they stopped deepening, and as they widened, the intervening 
divides would become narrower, and ultimately lower. In the 
course of time they would be destroyed, giving rise to a new level 
surface much below the old one, but develoi)ed in the same po- 
sition which the old one occupied when it originated ; that is, a 
position but little above sea level. 

If at some intermediate stage in the development of a second 
base-level plain, say at a time when the streams, rejuvenated by 
uplift, had brought half the elevated surface down to a new 
base-level, another uplift were to occur, the half completed cycle 
would be brought to an end, and a new one begun. The streams 
would again be quickened, and as a result they would promptly 
cilt new and deeper channels in the bottoms of the great valleyB- 
which had already been developed. The topography which 
would result is suggested by the following diagram (Fig. 22) 
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Fio. 22. — ^Dlacram (cron-Mctlon). lllostratlng the topographic effect of rejnren- 

atlon by uplift. 

which illustrates the cross-section which would be found after 
the following sequence of events: (1) The development of a 
bas^level, a a; (2) uplift^ rejuvenation of the streams, and a 
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new cycle of erosion half completed, the new base-level being at 
B B ; (8) a second uplift^ bringing the second (incomplete) cyda 
of erosion to a dose, and by rejuvenating the streams, inaugurat- 
ing the third cycle. As represented in the diagram, ihe third 
cycle has not progressed far, being represented only by the nar- 
row valley o. The base-level is now 2-2, and the valley rep- 
resented in the diagram has not yet reached it. 
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Fio. 28. — Normal proflle of a ralley bottom In a non-monntalBoas regloa. 

The rejuvenation of a stream shows itself in another way. 
The normal profile of a valley bottom in a non-moimtainous re* 
gion is a gentle curve, concave upward with gradient increas- 
ing from debouchure to source. Such a profile is shown in Fig. 
23. Fig. 24, on the other hand, is the profile of a rejuvenated 
streanL The valley once had a profile similar to that shown in 
Fig. 23. Below b its former continuation is marked by the 
dotted line b c. Since rejuvenation the stream has deepened 
the lower part of its valley, and established there a profile in 
harmony with the new conditions. The upper end of the new 
curve has not yet reached byond b. 
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Fio. 24. — ^Proflle of a ttream rejarenated by uplift. 

Underground Water. 

In what has preceded, reference has been made only to the 
results accomplished by the water which runs off over the sur- 
face. The water which sinks beneath it is, however, of no small 
importance in reducing a land surface. The enormous amount 
of mineral matter in solution in spring water bears witness to 
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the efficiency of the ground water in dissolving rock, for since 
the water did nx>t contain the mineral matter when it entered the 
soil, it must have acquired it below the surface. By this means 
alone, areas of more soluble rock are lowered below those of less 
solubility. Furthermore, the water is still active as a solvent 
agent after a surface has been reduced to so low a gradient that 
the run-K)ff ceases to erode mechanically. 
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OHAPTEE IV. 

EROSION AND THE DEVELOPliENT OF STRIKING SCENIC 

FEATURES. 

The uplift following the period of Paleozoic deposition in 
south central Wisconfiin, inaugurated a period of erosion which, 
with some interruptions, has continued to the present day. The 
processes of weathering began as soon as the surface was ex- 
posed to the weather, and corrasion by running water began 
with the first shower which fell upon it. The sediment worn 
from the land was carried back to the sea, there to be used in 
the building of still yoimger formations. 

The rate of erosion of a land surface depends in large meas- 
ure upon its height As a rule, it is eroded rapidly if high, and 
but slowly if low. 

It is not known whether the lands of central Wisconsin rose 
to slight or to great heights at the close of the period of Paleo- 
zoic sedimentation. It is therefore not known whether the ero- 
sion was at the outset rapid or slow. If the land of southern 
Wisconsin remained low for a time after the uplift which 
brought the Paleozoic sedimentation to a close, weathering 
would have exceeded transportation and corrasionu A large 
proportion of the rainfall would have sunk beneath the surface, 
and f oimd its way to the sea by subterranean routes. Loosening 
of material by alternate wetting and drying, expansion and con- 
traction, freezing and thawing, and by solution, might have gone 
on steadily, but so long as the land was low, there would have 
been little run-off, and that little would have flowed over a sur- 
face of gentle slopes, and transportation would have been at a 
minimum. On the whole, the degradation of the land under 
these conditions could not have advanced rapidly. 

If, on the other hand, the land was raised promptly to a ooxh 
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aiderable height, erosion would have been vigorous at the outset. 
The surface waters would soon have developed valleys which the 
streams would have widened, deepened and lengthened. Both 
transportation and corrasion would have been active, and what- 
ever material was prepared for transportation by weathering, 
and brought into the valleys by side-wash, would have been hur- 
ried on its way to the sea, and degradation would have pro- 
ceeded rapidly. 

Establishment of drainage. — Valleys were developed in this 
new land surface according to the principles already set fortL 
Between the valleys there were divides, which became higher 
as the valleys became deeper, and narrower as the valleys 
widened. Ultimately the ridges were lowered, and many of 
them finally eliminated in the manner already outlined. The 
distance below the original surface and that at whidi the first 
series of new flats were developed is conjectural, but it would 
have depended on the height of the land. So far as can now 
be inferred, the new base-plain toward which the streams cut 
may have been 400 or 500 feet below the crests of the quartzite 
ridges. It was at this level that the oldest base-plain of which 
this immediate region shows evidence, was developed. 

Had the quartzite ranges not been completely buried by the 
Paleozoic sediments, they would have appeared as ridges on the 
new land surface, and would have had a marked influence on the 
development of the drainage of the newly emerged surface. But 
as the ranges were probably completely buried, the drainage 
lines were established regardless of the position of the hard, but 
buried ridges. When in the process of degradation the quartz- 
ite surfaces were reached, the streams encoimtered a formation 
far more resistant than the surrounding sandstone and lime- 
stone. As the less resistant strata were worn away, the old 
quartzite ridges, long buried, again became prominent topo- 
graphic features. In this condition they were "resurrected 
mountains." 

If, when erosion on the uplifted surface of Paleozoic rocka 
b^an, a valley had been located directly over the buried quartz- 
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ite ridge, and along its course^ it would have been deepened nor- 
mally ontil its bottom reached the crest of the hard formation. 
Then, instead of sinking its valley vertically downward into Uie 
qnartsite, the stream would have shifted its channel down the 
slope of the range along the junction of the softer and harder 
rook (Fig. 25). Such changes occasioned by the nature and po- 
sition of the rock concerned, ore known as adjuatments. 
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Streams which crossed the quartzite ridgee on the overlying 
Btrata mi^t have held their courses even after their valleys were 
lowered to the level of the quartzite. Such streams would have 
developed narrows at the crossing of the quartzite. In so far as 
there were passes in the quartzite range before the depoeitioD 
of the Paleozoic beds, they were filled during the long period of 
sedimentation, to be again cleared out during the subsequent 
period of erosion. The gap in the South range now occupied 
by the lake was a narrows in a valley which existed, though per- 
haps not to its present depth, before the Potsdam sandsboie 
was deposited. It was filled when the sediments of that forma- 
tion were laid down, to be again opened, and perhaps deepened, 
in the period of erosion which followed the deposition of the 
Paleozoic series 

During the earliest period of erosion of which there is posi- 
tive evidence, after the uplift of the Paleozoic beds, the softer 
formations about the quartzite were worn down to a level 400 
or 500 feet below the crests of the South quartzite range. At 
this lower level, an approximate plain, a penefdain, was devel* 
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oped^ the level of which is shown by numerous hills^ the sum- 
mits of which now reach an elevation of from 1,000 to 1,100 
feet above the sea. At the time of its development, this pene- 
plain was but little above sea level, for this is the only elevation 
at which running water can develop such a plain. Above the 
general level of this plain rose the quartzite ranges as elongate 
monadnocks,^ the highest parts of which were fully 500 feet 
above the plain. A few other points in the vicinity failed to be 
reduced to the level of the peneplain. The 1,320 foot hill (dj 
Plate XXXVII, p. 108), one and one^half miles southeast of the 
Lower narrows, and Gibraltar Bock (e, same Plate), two miles 
southeast of Merrimac, rose as prominences above it. It is possi- 
ble that these crests are remnants of a base-level plain older than 
that referred to above. If while the quartzite remained much as 
now, the valleys in the sandstone below 1,000 or 1,100 feet were 
filled, the result would correspond in a general way to the sur- 
face which existed in this region when the first distinctly recog- 
nizable cycle of erosion was brought to a close. Above the un- 
dulating plain developed in the sandstone and limestone, the 
main quartzite ridge would have risen as a conspicuous ridge 
400 to 500 feet 

This cycle had not been completed, that is, the work of base- 
leveling had not been altogether accomplished, when the pene- 
plain was elevated, and the cycle, though still incomplete, 
brought to a close. By the uplift, the streams were rejuvenated| 
and sunk their valleys into the elevated peneplain. Thus a 
new cycle of erosion was begun, and the uplifted peneplain was 
dissected by the quickened streams which sank their valleys 
promptly into the slightly resistant sandstone. At their new 
base-level, they ultimately developed new flats. This oyde of 
erosion appears to have advanced no farther than to the de- 
velopment of wide flats along the principal streams^ such as the 
Wisconsin and the Baraboo, and narrow ones along the subor- 
dinate water courses, when it was interrupted. Along the main 
streams the new flats were at a level which is now from 800 to 

^8m pag« 61. 
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900 feet above the sea, and 700 to 800 feet below the South 
quartzite range. It was at this time that the plains about Camp 
Douglas and Neoedah, already referred to, were developed. 
During this second incomplete cycle, the quartzite ranges, re* 
sisting erosion, came to stand up still more prominently than 
during the first. 

The interruption of this cycle was caused by the advent of the 
glacial period which disturbed the normal course of erosion. 
This period was accompanied and followed by slight changes of 
level which also had their influence on the streams. The con- 
sideration of the effects of glaciation and of subsequent river 
erosion are postponed, but it may be stated that within the area 
which was glaciated the post-glacial streams have been largely 
occupied in removing the drift deposited by the ice from the pre- 
glacial valleys, or in cutting new valleys in the drift The 
streams outside the area of glaciation were less seriously dis- 
turbed. 

At levels other than those indicated, partial base-levels are 
suggested, and although less well marked in this region, they 
might, in the study of a broader area, bring out a much more 
complicated erosion history. As already suggested, one cycle 
may have preceded that the renmants of which now stand 
1,000-1,100 feet above sea level, and another may have inter- 
vened between this and that marked by the 800 to 900 foot 
level. 

From the foregoing it is clear that the topography of the re- 
gion is, on the whole, an erosion topography, save for certain 
details in its eastern portion. The valleys differ in form and 
in size, with their age, and with the nature of the material in 
which they are cut ; while the hills and ridges differ with varying 
relations to the streams, and with the nature of the material of 
which they are composed. 

Striking Scenic Features. 

In a regipn so devoid of striking scenery as the central portion 
of the Mississippi basin, topographic features which would be 
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passed without special notice in regions of greater relief, be- 
come the objects of interest But in south central Wisconsin 
there are various features which would attract attention in anj 
region where the scenery is not mountainous. 

On the blufFs at Devil's lake there are many minor features 
which are sure to attract the attention of visitors^ Such are 
^'Cleopatra's Needle" (Plate XXI), "Turk's Head" (Plate 
XXn), and the 'TDevil's Doorway" (Pkte XXTH). 

These particular forms have resulted from tiie peculiar 
weathering of the quartzite. The rock is affected by several 
systems of vertical or nearly vertical joint planes (cracks), 
which divide the whole formation into a series of vertical col* 
umn& There are also horizontal and oblique planes of cleav- 
age dividing the columns, so that the great quartzite pile may be 
said to be made up of a series of blocks, which are generally in 
contact with one another. The isolated pillars and columns 
which have received special names have been left as they now 
stand by the falling away of the blocks which once surrounded 
theuL They themselves must soon follow. The great talus 
slopes at the base of the bluffs, such as those on the west side 
of the lake and on the East bluff near its southeast comer, Plate 
XXIV, are silent witnesses of the extent to which this process 
has already gone. The blocks of rock of which they are com- 
posed have been loosened by freezing water, by the roots of 
threes,, and by expansion and contraction due to changing tem- 
perature, and have fallen from their former positions to those 
they now occupy. Their descent, effected by gravity directly, 
is, it will be noted, the first step in their journey to the sea, the 
final resting place of all products of land degradation. 

The Bamboo bluffs. — ^Nowhere in southern Wisconsin, or in- 
deed in a large area adjacent to it, are there elevations which so 
nearly approach mountains as tiie ranges of quartzite in the 
vicinity of Baraboo and Devil's lake. So much has already 
been said of their history that there is need for little further 
description. Plate IV gives some idea of the appearance of 

the ranges. The history of the ranges, already outlined, in- 
6 
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Tolves the following stages : ( 1 ) The deposition of the sands in 
Huronian time ; (2) the change of the sand to sandstone and the 
sandstone to quartzite; (3) the uplift and deformation of the 
beds ; (4) igneous intrusions, f aulting, crushing, and shoaring, 
with the development of schists accompanying the deformation ; 

(6) a prolonged period of erosion during which the folds of 
quartzite were largely worn away, though considerable ridges^ 
the Huronian mountains of early Cambrian times, still remained 
high above their surroundings; (6) the submergence of the re» 
gion, finally involving even the crests of the ridges of quartzite ; 

(7) a protracted period of deposition during which the Potsdam 
sandstone and several later Paleozoic formations were laid down 
about^ and finally over, the quartzite, burying the mountainous 
ridges ; (8) the elevation of the Paleozoic sea-bottom, converting 
it into land ; (9) a long period of erosion, during whidhi the upper 
Paleozoic beds were removed, and the quartzite re-disoovered. 
Being much harder than the Paleozoic rocks, the quartzite ridges 
again came to stand out as prominent ridges, as the surrounding 
beds of relatively slight resistance were worn away. They are 
''resurrected" mountains, though not with the full height which 
they had in pre-Cambrian time, for they are still partially bur- 
ied by younger beds. 

The narrows in the quartzite. — There are four narrows or 
passes in the quartzite ridges, all of which are rather striking 
features. One of them is in the South range, one in the North 
range near its eastern end, while the others are in an isolated 
area of quartzite at Ablemans which is really a continuation of 
the North range. Two of these narrows are occupied by the 
Baraboo river, one by Narrows creek, and the fourth by Devil's 
lake. 

From Ablemans to a point several miles east of Baraboo, the 
Baraboo river flows through a capacious valley. Where it 
crosses the North range, six miles or more north of east of Bar- 
aboo^ the broad valley is abruptly constricted to a narrow pass 
with precipitous sides, about 500 feet high (c, Plate XXX VII). 
This constriction is the Lower narrows, conspicuous from many 
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points on the South range, and from the plains to the north. 
Sejood the quartzite, the valley again opens out into a broad 
flat. 

Seen from a distance, the narrows has the appearance of an 
abrupt notch in the high ridge (Plate IV, p. 13). Seen at 
closer range, the gap is still more impressive. It is in strikii^ 
contrast 'with the other narrows in that there are no talus ac- 
cumulations at the bases of the steep slopes, and in th«t the 
slopes are relatively Bmootih and altogetiier free from the curious 
details of sculpture seen in the other gape where the slopes are 
equally steep. 

The Upper narrows of the Baraboo at Ablemans (b, Plate 11)^ 
is in some ways similar to the Lower, though less conspicuona 
becanse less deep. Its slopes are more rugged, and piles of talus 
lie at their bases as at BevU'a lake. This narrows also differs 
from the Lower in that the quartzite on one side is covered with 
Potsdam' conglomerate, which overlies the truncated edges of 
the vertical layers of quartzite with unconformable contact. So 
clear an example of unconformity is not often seen. Potsdam 
sandstone is also seen to rest against the quartzite on either side 
of the narrows (Fig. 26), thus emphasizing the unconformity. 
The beauty and interest of this narrows is enhanced by the 
quartzite breccia (p. 18) which appears on its Walls. 




One and onehalf miles west of Ablemans {a, Plate U) is the 
third pass in the north quartzite ridge. This pass is narrower 
than the others, and is occupied by Karrows creek. Its walls 
Are nearly vertical and possess the same m^ed beauty as those 
at Ablemans. As at the Upper nanvwa^ the beds of qvartrite 
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here are essentially vertical. They are indeed the oontinnatioa 
of the beds exposed at that place. 

The fourth narrows is across the South range (i, Plate H). 
It is not now occupied by a stream, though like the others it was 
cut by a stream, which was afterwards shut out from it Be- 
cause of its depth, 600 feet, and the ruggedness of its slopes^ and 
because of its occupancy by the lake, this pass is the center of in- 
terest for the whole region. So much has already been said 
concerning it in other portions of this report that further de- 
scription is here omitted. The manner in which the pass was 
robbed of its stream will be discussed later (p. 138). 

The history of these several narrows, up to the time of the 
glacial period may now be summarized. Since remnants of 
Potsdam sandstone are found in some of them, it is clear that 
they existed in pre-Cambrian time,^ and there is no reason to 
doubt that they are the work of the streams of those ancient 
days, working as streams now work. Following the pre-Cam- 
brian period of erosion during which the notches were cut, came 
the submergence of the region, and the gaps were filled with 
sand and gravel, and finally the ridges themselves were buried. 
Uplift and a second period of erosion followed, during which 
the quartzite ranges were again exposed by the removal of the 
beds which overlay them, and the narrows cleaned out and deep- 
ened, and again occupied by streams This condition of thing? 
lasted up to the time when the ice invaded the region. 

Glens. — No enumeration of the special scenic features of this 
region would be complete without mention of Parf rey's and Dor- 
ward's glene (a and h, Plate XXXVII, and Plate XXV). At- 
tention has already been directed to them as illustrations of 
yoimg valleys, and as places where the Potsdam conglomerate is 
well shown, but they are attractive from the scenic point of view. 
Their frequent mention in earlier parts of this report makes 
further reference to them at this point unnecessary. 



*It is not here asserted that these notches were as deep as now. In pre-Cai^ 
brian time. It is, howeTer, certain that the qnartzite was deeply eroded, prerioni 
to the deposRlon of the Potsdam sandstone. 
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Pine Hollow (k, Plate II) is another attractive gorge on the 
south flank of the greater quartzite range. The rock at this 
point is especially well exposed. This gorge is beyond the 
drift-covered portion of the range, and therefore dates from the 
pre-glacial time. 

The Pewit's nest, about three miles southwest of Baraboo (m, 
Plate 11)9 is another point of interest. Above the '^nest/' Skil- 
lett creek flows through a narrow and picturestque gorge in the 
Potsdam sandstone. The origin of this gorge is explained else- 
where (p. 53). 

Natural Bridge. — ^About two miles north and a little west of 
the village of Denzer (Sec. 17, T. 10 N., B. 5 E.), is a small 
natural bridge, which has resulted from the unequal weather- 
ing of the sandstone (see Plate XXVI). The 'bridge'' is 
curious, rather than beautiful or impressive. 

The Dalles of the Wisconsin. — The dalles is the term applied 
to a narrow canyon-like stretch of the Wisconsin valley seven 
miles in length, near Kilboum City (see frontispiece). The 
depth of the gorge is from 50 to 100 feet The part above the 
bridge at Kilboum City is the ^TJpper dalles ;*' that below, the 
'TLower dalles.*' Within this stretch of the valley are perhaps 
the most picturesque features of the region. 

The sides of the gorge are nearly vertical much of the way, 
and at many points are so steep on both sides that landing would 
be impossible. Between these sandstone walls flows the deep 
and swift Wisconsin river. 

Such a rock gorge is in itself a thing of beauty, but in the 
dalles there are many minor features which enhance the charm 
of the whole. 

One of the features which deserves especial mention is the 
peculiar crenate form of the walls at the banks of the river. 
This is perhaps best seen in that part of the dalles known as the 
''Navy Yard.*' Plate XXVII. The sandstone is affected by a 
series of vertical cracks or joints. From weathering, the rook 
along these joints becomes softened, and the running water wean 
the softened rock at the joint planes more readily than other 
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parts of its bank, and so develops a reentrant at these points. 
Bain water descending to the river finds and follows the joint 
planes, and thus widens the cracks. As a result of stream and 
rain and weathering, deep reentrant angles are produced. The 
projections between are rounded off so that the banks of the 
stream have assumed the crenate form shown in Plate XXVIII,. 
and Frontispiece. 

When this process of weathering at the joints is carried suffi- 
ciently far, columns of rock become isolated, and stand out on 
the river bluffs as "chimneys" (Plate XXVIII). At a still later 
stage of development, decay of the rock along the joint planes 
may leave a large mass of rock completely isolated. "Steam- 
boat rock" (Plate XII, p. 30) and "Sugar bowl" (Plate XXIX) 
are examples of islands thus formed. 

The walls of sandstone weather in a peculiar manner at some 
points in the Lower dalles, as shown on Plate XXX. The little 
ridges stand out because they are harder and resist weathering 
better than the other parts. This is due in part at least to the 
presence of iron in the more resistant portions, cementing them 
more firmly. In the process of segregation, cementing materi- 
als are often distributed imequally. 

The effect of differences in hardness on erosion is also shown 
on a larger scale and in other ways. Perhaps the most striking 
illustration is Stand rock (Plate XXXI, p. 72), but most of the 
innumerable and picturesque irregularities on the rock walls are 
to be accounted iot by such differences. 

Minor valleys tributary to the Wisconsin, such as Witch's 
gulch and Cold Water canyon deserve mention, both because of 
their beauty, and because they illustrate a type of erosion at an 
early stage of valley development. In character they are com- 
parable to the larger gorge to which they are tributary. In the 
downward cutting, Mviiich far exceeds the side wear in these 
tributary canyons, the water has excavated large bowl or jug- 
like forms. In Witch's gulch such forms are now being exca- 
vated. They are developed just below falls, where the water 
carrying debris, eddies, and the jugs or pot-holes are the result 
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of the wear effected by the eddies. The 'T)evirs jug^' and many 
similar hollows are thus explained. 

The mounds and castle rocks. — In the vicinity of Camp Doug- 
las and over a large area to the east, are still other striking topo- 
^aphic forms, which owe their origin to different conditions, 
though they were fashioned by the same forces. Here there are 
many "tower" or "castle" rocks, which rise to heights varying 
from 75 to 190 feet above the surrounding plain. They are 
remnants of beds which were once continuous over the low lands 
above which the hills now rise. In Plates XVII and XVIII (p. 
61) the general character of these hills is shown. The rock of 
which they are composed is Potsdam sandstone, the same forma- 
tion which underlies most of the area about Baraboo. The effect 
of the vertical joints and of horizontal layers of unequal hard- 
ness is well shown. Rains, winds, frosts, and roots are still work- 
ing to compass the destruction of these picturesque hills, and the 
talus of sand bordering the "castle" is a reminder of the fate 
which awaits them. These hills are the more conspicuous and 
the more instructive since the plain out of which they rise is so 
flat. It is indeed one of the best examples of a base-level plain 
to be found on the continent. 

The crests of these hills reach an elevation of between 1,000 
and 1,100 feet. They appear to correspond with the level of the 
first peneplain recognized in the Devil's lake region. It was in 
the second cycle of erosion, when their surroundings were 
brought down to the new base-level, that these hills were left. 
West of Camp Douglas, there are still higher elevations, which 
aeem to match Gibraltar rock (see p. 63). 

The Friendship "moimds" north of Kilboum City, the castel- 
lated hills a few miles northwest of the same place, and Peten- 
well peak on the banks of the Wisconsin (Plate XXXII), are 
further examples of the same class of hills. All are of Potsdam 
sandstone. 

In addition to the '^castle" rocks and base-level plain about 
Oamp Douglas, other features should be mentioned. Ko other 
portion of the area touched upon in this report affords such fine 
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examples of the different types of erosion topography. In the 
base-level plain are found '^old-age" valleys^ broad and shallowi 
with the stream meandering in a wide flood-plain. Traveling 
up such a valley, the topography becomes younger and yonngeri 
and the varions stages mentioned on p. 46, and suggested in 
Plate XDL, Figs. 1 and 2, axsd Fkte XX (p. 64), Fig. 1, axe 
here illustrated. 
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CHAPTER V. 



THB GLACIAL PBRIOD. 



The eastern part of the area with which this report deals, is 
covered with a mantle of drift whiish, as already pointed out, has 
greatly modified the details of its topography. To the consid- 
eration of the drift and its history attention is now turned. 

The drift. — The drift consists of a body of clay, sand, gravel 
and bowlders, spread out as a cover of unequal thickness over 
the rock formations beneath. These various classes of material 
may be confusedly commingled, or they may be more or less disr 
tinctly separated from one another. When commingled, all 
may be in approximately equal proportions, or any one may 
predominate over any or all the others to any extent. 

It was long since recognized that the materials of the drift 
did not originate where they now lie, and that, in consequence^ 
they sustain no genetic relationship to the strata on which they 
rest Long before the drift received any special attention from 
geologists^ it was well known that it had been transported from 
some other locality to that where it now occurs. The early con- 
beption was that it had been drifted into its present position 
from some outside source by water. It was this conception of 
its origin which gave it the name of drift. It is now known 
that the drift was deposited by glacier ice and the waters which 
arose from its melting, but the old name is still retained. 

Clearly to understand the origin of the drift, and the method 
by which it attained its present distribution, it may be weU to 
consider some elementary facts and principles concerning cli<- 
mate and its effects, even at the risk of repeating v/haX is already 
lar. 
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Snow fields and ice sheets. — The temperature and the enow- 
fall of a r^on may stand in such a relation to each other that 
the summer's heat may barely suffice to melt the winter's snow. 
If under these dlTOumstances the annual temperature were to be 
reduced, or the fall of snow increased, the summer's heat would 
fail to melt all the winter's snow, and some portion of it would 
endure through the summer, and through successive summers, 
constituting a perennial snow-field. Were this process once in- 
augurated, the depth of the snow would increase from year to 
year. The area of the snow-field would be extended at the same 
time, since the snow-field would so far reduce the surrounding 
temperature as to increase the proportion of the annual precipi- 
tation which fell as snow. In the course of time, and under 
favorable conditions, the area of the snow-field would attain 
great dimensions, and the depth of the snow would become very 
great. 

As in the case of existing snow fields the lower part of the snow 
mass would eventually be converted into ice. Several factors 
would conspire to this end. 1. The pressure of the overlying 
snow would tend to compress the lower portion, and snow ren- 
dered sufficiently compact by compression would be regarded as 
ice. 2. Water arising from the melting of the surface snow 
by the sun's heat, would percolate through the superficial layers 
of snow, and, freezing below, take the form of ice. 3. On 
standing, even without pressure or partial melting, snow appears 
to undergo changes of crystallization which render it more com- 
pact. In these and perhaps other ways, a snow-field becomes an 
ice-field, the snow being restricted to its surface. 

Eventually the increase in the depth of the snow and ice in a 
anow-field will give rise to new phenomena. Let a snow and 
ice field be assumed in which the depth of snow and ice is great- 
est at the center, with diminution toward its edges. The field 
of snow, if resting on a level base, would have some such cross- 
aection as that represented in the diagram. Fig. 27. 

When the thickness of the ice has become considerable, it is 
evident that the pressure upon its lower and marginal parts will 
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be great. We are wont to think of ice as a brittte wo Ui, If in 
its place there were some plastic substance which would yield to 
pressure, the weight of the ice would cause the marginal parts 
to extend themselves in all directions by a sort of flowing motion. 




Fio. 27. — Diagrammatic cross-section of a field of Ice and snow (c) resting on a 

level base A-B. 

Under great pressure, many substances which otherwise ap- 
pear to be solid, exhibit the characteristics of plastic bodies. 
Among the substances exhibiting this property, ice is perhaps 
best known. Brittle and resistant as it seems, it may yet be 
molded into almost any desirable form if subjected to sufficient 
pressure, steadily applied through long intervals of time. The 
•changes of form thus produced in ice are brought about without 
visible fracture. Concerning the exact nature of the movement, 
physicists are not agreed ; but the result appears to be essentially 
Buch as would be brought about if the ice were capable of flow- 
ing, with extreme slowness, under great pressure continuously 
■applied. 

In the assumed ice-field, there are the conditions for great 
pressure and for its continuous application. If the ice be ca- 
pable of moving as a plastic body, the weight of the ice would 
induce gradual movement outward from the center of the field, 
flo that the area surrounding the region where the snow accumu- 
lated would gradually be encroached upon by the spreading of 
the ice. Observation shows that this is what takes place in every 
snow-field of sufficient depth. Motion thus brought about is 
glacier motion, and ice thus moving is glacier ice. 

Once in motion, two factors would determine the limit to 
which the ice would extend itself: 1) the rate at which it ad- 
vances; and 2) the rate at whidh the advancing edge is wasted. 
The rate of advance would depend upon several conditions, one 
of which, in aU cases, would be the pressure of the ice whioh 
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started and which perpetuatea the motioiL If the pressure be 
increased the ice will advance more rapidly, and if it advance 
more rapidly, it will advance farther before it is melted. Other 
things remaining constant, therefore, increase of pressure will 
cause the ice-sheet to extend itself farther from the center of 
motion. Increase of snowfall will increase the pressure of the 
snow and ice field by increasing its mass. If, therefore, the pre- 
cipitation over a given snow-field be increased for a period of 
years, the ice-sheet's marginal motion will be accelerated, and 
its area enlarged. A decrease of precipitation, taken in conr 
nection with unchanged wastage would decrease the pressure of 
the ice and retard its movement If, while the rate of advance 
diminished, the rate of wastage remained constant, the edge of 
the ice would recede, and the snow and ice field be contracted. 

The rate at which the edge of the advancing ice is wasted de- 
pends largely on the climate. If, while the rate of advance re- 
mains constant, the climate becomes warmer, melting will be 
more rapid, and the ratio between melting and advance will be 
increased. The edge of the ice will therefore recede. The 
same result will follow, if, while temperature remains constant, 
the atmosphere becomes drier, since this will increase wastage 
by evaporation. Were the climate to become warmer and drier 
at the same time, the rate of recession of the ice would be greater 
than if but one of these changes occurred. 

If, on the other band, the temperature over and about the ice- 
field be lowered, melting will be diminished, and if the rate of 
movement be constant, the edge of the ice will advance farther 
than under the earlier conditions of temperature, since it has 
more time to advance before it is melted. An increase in the 
humidity of the atmosphere, while the temperature remains con- 
stant, will produce the same result, since increased humidity of 
the atmosphere diminishes evaporation. A decrease of tem- 
perature, decreasing the melting, and an increase of humidity, 
decreasing the evaporation, would cause the ice to advance far- 
ther than either change alone, since both changes decrease the 
wastage. If, at the same time that conditions so change as to 
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increase the rate of movement of the ice, climatic conditions so 
change as to reduce the rate of waste, the advance of the ice be- 
fore it is melted will be greater than where only one set of con- 
ditions is altered. If, instead of favoring advance, the two 
series of conditions conspire to cause the ice to recede, the recesr 
sion will likewise be greater than when but one set of conditions 
is favorable thereto. 

Greenland affords an example of the conditions here described. 
A large part of the half million or more square miles which this 
body of land is estimated to contain, is covered by a vast sheet 
of snow and ice, thousands of feet in thickness. In this field 
of snow and ice, there is continuous though slow movement. 
The ice creeps slowly toward the borders of the island, advancing 
until it reaches a position where the climate is such as to waste 
(melt and evaporate) it as rapidly as it advances. 

The edge of the ice does not remain fixed in position. There 
is reason to believe that it alternately advances and retreats as 
the ratio between movement and waste increases or decreases. 
These oscillations in position are doubtless connected with cli- 
matic changes. When the ice edge retreats, it may be becaiise 
the waste is increased, or because the snowfall is decreased, or 
both). In any case, when the ice edge recedes from the coast, it 
tends to recede until its edge reaches a position where the melt- 
ing is less rapid than in its former position, and where the ad- 
vance is counterbalanced by the waste. This represents a condi- 
tion of equilibrium so far as the edge of the ice is concerned, 
and here the edge of the ice would remain so long as the condi- 
tions were unchanged. 

When for a period of years the rate of melting of the ice is 
diminished, or the snowfall increased, or both, the ice edge ad- 
vances to a new line where melting is more rapid than at its 
former edge. The edge of the ice would tend to reach a position 
where waste and advance balance. Here its advance would 
cease, and here its edge would remain so long as climatic con- 
ditions were unchanged. 

If the conditions determining melting and flowage be contin- 
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ually changing^ the ice edge will not find a position of equi- 
librinm, but will advance when the conditions are favorable for 
advance^ and retreat when the conditions are reversed. 

Not only the edge of the ice in Greenland, but the ends of ex- 
isting mountain glaciers as well^ are subject to fluctuation, and 
are delicate indices of variations in the climate of the regions 
where they occur. 

The North American ice sheet — In an area north of the east- 
em part of the United States and in another west of Hudson 
Bay it is believed that ice sheets similar to that which now cov- 
ers Greenland began to accumulate at the beginning of the gla* 
cial period. From these areas as centers, the ice spread in all 
directions, partly as the result of accumulation, and partly as 
the result of movement induced by the weight of the ice itself. 

The ice sheets spreading from these centers came together 
south of Hudson's bay, and invaded the territory of the United 
States as a single sheet, which, at the time of its greatest devel- 
opment, covered a large part of our country (Plate XXXIII), its 
area being known by the extent of the drift which it left behind 
when it was melted. In the east, it buried the whole of New 
England, most of New York, and the northern parts of New 
Jersey and Pennsylvania. Farther west, the southern margin 
of the ice crossed the Ohio river in the vicinity of Cincinnati, 
and pushed out over the uplands a few miles south of the river* 
In Indiana, except at the extreme east, its margin fell consid- 
erably short of the Ohio ; in Illinois it reached well toward that 
river, attaining here its most southerly latitude. West of the 
Mississippi, the line which marks the limit of its advance curves 
to the northward, and follows, in a general way, the course of 
the Missouri river. The total area of the North American 
ice sheet, at the time of its maximum development, has been es* 
timated to have been about 4,000,000 square miles, or about ten. 
times the estimated area of the present ice-field of Greenland. 

Within the general area covered by the ice, there is an area 
of several thousand square miles, mainly in southwestern Wis- 
consin, where there is no drift. The ice, for some reason, failed 
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to cover this driftless area though it overwhelmed the territory 
on all sides. 

Plate II shows the limit of ice advance in the area here de- 
scribed. The region may have been affected by the ice of more 
than one glacial epoch, but the chief results now observable were 
effected during the last, and the others need not be considered. 

The Work of Glacier Ice. 

As the edge of an ice sheet, or as the end of a glacier, retreats, 
the land which it has previously covered is laid bare, and the 
effects which the passage of the ice produced may be seen. In 
some cases one may actually go back a short distance beneath 
the ice now in motion, and see its mode of work and the results 
it is effecting. The beds of living glaciers, and the beds which 
glaciers have recently abandoned, are found to present identical 
features. Because of their greater accessibility, the latter offer 
the better facilities for determining the effects of glaciation. 

The conspicuous phenomena of abandoned glacier beds fall 
into two classes, 1) those which pertain to the bed rock over 
which the ice moved, and 2) those which pertain to the drift 
left by the ice. 

Erosive work of the ice. — Effect on topography. — The leading 
features of the rock bed over which glacier ice has moved, are 
easily recognized. Its surface is generally smoothed and pol- 
ished, and frequently marked by lines (striae) or grooves, par- 
allel to one another. An examination of the bottom of an active 
glacier discloses the method by which the polishing and scoring 
are accomplished. 

The lower surface of the ice is thickly set with a quantity 
of clay, sand, and stony material of various grades of coarseness. 
These earthy and stony materials in the base of the ice are the 
tools with which it works. Thus armed, the glacier ice moves 
slowly forward, resting down upon the surfaces over which it 
passes with the whole weight of its mass, and the grinding action 
between the stony layer at the base of the ice and the rock bed 
over which it moves, is effective^ If the material in the bottom 
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of the ice be fine, like clay^ the rock bed is polished. If coarser 
materials, harder than the bed-rock, be mingled with the fine, 
the rock bed of the glacier will be scratched as well as polished* 
If there are bowlders in the bottom of the ice they may cut 
grooves or gorges in the imderlying rock. The grooves may 
subsequently be polished by the passage over and through them 
of ice carrying clay or other fine, earthy matter. 

All these phases of rock wear may be seen about the termini 
of receding glaciers, on territory which they have but recently 
abandoned. There can thus be no possible doubt as to the origin 
of the polishing, planing and scoring. 

There are other peculiarities, less easily defined, which char- 
acterize the surface of glacier beds. The wear effected is not 
confined to the mere marking of the surface over which it passes. 
If prominences of rock exist in its path, as is often the case, 
they oppose the movement of the ice, and receive a correspond- 
ing measure of abrasion from it. If they be sufficiently re- 
sistant they may force the ice to yield by passing over or around 
them; but if they be weak, they are likely to be destroyed. 

As the ice of the North American ice sheet advanced, seem- 
ingly more rigid when it encountered yielding bodies, and more 
yielding when it encountered resistant ones, it denuded the sur- 
face of its loose and movable materials, and carried them for- 
ward. This accumulation of earthy and stony debris in the bot- 
tom of the ice, gave it a rough and grinding lower surface, which 
enabled it to abrade the land over which it passed much more 
effectively than ice alone could have done. Every hill and 
every moimd which the ice encountered contested its advance. 
Every sufficiently resistant elevation compelled the ice to pass 
around or over it ; but even, in these cases the ice left its marks 
upon the surface to which it yielded. The powerful pressure 
of pure ice, which is relatively soft, upon firm hills of rock, 
which are relatively hard, would effect little. The hills would 
wear the ice, but the effect of the ice on the hills would be slight 
But where the ice is supplied with earthy and stony material de- 
rived from the rock itself, the case is different. Under these 
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conditions, the ice, yielding only under great pressure and za 
little as may be, rubs its rock-shod base over every opposing sur- 
face, and with greatest severity where it meets with greatest re- 
sistance. Its action may be compared to that of a huge '^ex- 
ible-rasp" fitting down snugly over hills and valleys alike, and 
working under enormous pressure. 

The abrasion eflfected by a moving body of ice imder such con- 
ditions would be great. Every inch of ice advance would be 
likely to be attended by loss to the surface of any obstacle over 
or around which it is compelled to move. The sharp summits 
of the hills, and all the angular rugosities of their surfaces would 
be filed off, and the hills smoothed down to such forms as will 
offer progressively less and less resistance. If the process of 
abrasion be continued long enough, the forms, even of the large 
hills, may be greatly altered, and their dimensions greatly re- 
duced. Among the results of ice wear, therefore, will be a low- 
ering of the hills, and a smoothing and softening of their con- 
tours, while their surfaces will bear the marks of the tools which 
fashioned them, and will bo polished, striated or grooved, ac- 
cording to the nature of the material which the ice pressed 
down upon them during its passage. Figs. 28 and 29 show the 
topographic effects which ice is likely to produce by erosion. 
Plate XXXrV is a hill two miles northeast of Merrimac, which 
shows how perfectly the wear actually performed corresponds to 
that which might be inferred. 




Fza 28. — ^A hill before the lee panee OTer It. 

A rock hill was sometimes left without covering of drift after 

having been severely worn by the ice. Such a hill is known as ft 

roche moutonnee. An example of this type of hill occurs three 

miles north of east of Barabbo at the point marked z on Plate 
6 
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XXXVII9 (p. 108). This hilly composed of quartzitei is lees 
eymmetrical than those shown in Figs. 28 and 29. Its whole sur* 
face, not its stoss side only, has been smoothed and polished bj 
the ice. This hill is the most accessible, the most easily desig- 
natedy and, on the whole, the best eximiple of a roche moiUonnie 
in the r^on, though many other hills show something of the 
aamefomL 




Fzo. 29. — The •ame hill after It has been eroded by the loe. A the atom aide. 

B the lee aide. 



It was not the hills alone which the moving ice affected. 
Where it encountered valleys in its course they likewise suffered 
modification. Where the course of a valley was parallel to the 
direction of the ice movement, the ice moved through it. The 
depth of moving ice is one of the determinants of its velocity, 
and because of the greater depth of ice in valleys, its motion 
here was more rapid than on the uplands above, and its abrading 
action more powerful. Under these conditions the valleys were 
deepened and widened. 

Where the courses of the valleys were transverse to the direc- 
tion of ice movement, the case was different. The ice was too 
viscous to span the valleys, and therefore filled them. In this 
case it is evident that the greater depth of the ice in the valley 
will not accelerate its motion, since the ice in the valley-trough 
and that above it are in a measure opposed. If left to itself, the 
ice in the valley would tend to flow in the direction of the axis 
of the valley. But in the case imder consideration, the ice which 
lies above the valley depression is in motion at right angles to 
the axis of the valley. Under these circimistances three cases 
might arise: 
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(1) If the movement of the ice sheet over the valley were able 
to push the valley ice up the farther slope, and out on the opposite 
highland, this work would retard the movement of the upper ioe, 
since the resistance to movement would be great. In this casCi 
the thickness of the ice is not directly and simply a determinant 
of its velocity. Under these conditions the bottom of the valley 
would not suffer great erosion, since ice did not move along it ; 
but that slope of the valley against which the ice movement was 
projected would suffer great wear (Fig. 30). The valley would 
therefore be widened, and the slope suffering greatest wear 
would be reduced to a lower angle. Shallow valleys, and those 
I)Ossessing gentle slopes, favor this phase of ice movement and 
Talley wear. 




Fxo. 80. — Diagram showing effect on Talley of Ice moving transTeraely across it. 

(2) The ice in the valley might become stationary, in which 
case it might serve as a bridge for the upper ice to cross on (Fig. 
31). In this case also the total thickness of ice will not be a 
determinant of its velocity, for it is the thickness of the moving 
ice only, which influences the velocity. In this case the valley 
would not suffer much wear, so long as this condition of things 
continued. Valleys which have great depth relative to the thick- 
ness of the ice, and valleys whose slopes are steep, favor this 
phase of movement. 

(3) In valleys whose courses are transverse to the direction of 
ice movement, transverse currents of ice may exist, following the 
direction of the valleys. If the thickness of the ice be much 
greater than the depth of the valley, if the valley be capacious, 
and if one end of it be open and much lower than the other, the 
ice filling it may move along its axis, while the upper ice con- 
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tmnee in itB origuutl course at riglit angles to the valley. In 
this cose the vallej vonld be deepened and widened, but this- 
effect would be doe to the movement along its oourae, rather 
than to that transverse to it. 
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If the course of a valley were oblique to the direction of i(» 
movement, its effect on the movement of ice would be inter- 
mediate between that of valleys parallel to the direction of 
movement, and those at right angke to it 

It follows from the forgoing that the corrasive effects of 
ice upon the surface over which it passed, were locally depend- 
ent on pre-existent topography, and its relation to the direction 
of ice movement In general, the effort was to cut down prom- 
inences, thus tending to level the surface. But when it encoun- 
tered valleys parallel to its movement they were deepened, thufl- 
locally increasing relief. Whether the reduction of the hills 
exceeded the deepening of the valleys, or whether the reverse- 
was true, ao far as corrasion alone is concerned, is uncertain. 
But whatever the effect of the erosive effect of ice action upott 
the total amount of relief, the effect upon the contours was tO' 
make them more gentle. Not only were the sharp hills rounded 
off, but even the valleys which were deepened were widened as 
well, and in the process their slopes became more gentle. A 
rivererosion topc^aphy, modified by the wearing (not the de- 
positing) action of the ice, would be notably different from tho- 
original, by reason of its gentler slopes and softer contours' 
(FigB. 28 and 29). 
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Deposition hy the ice. Effect on topography. — On melting, 
glacier ice leaves its bed covered with the debris which it gath- 
ered during its movement. Had this debris been equally dis- 
tributed on and in and beneath the ice during its movement, and 
had the conditions of deposition been everywhere the same, the 
drift would constitute a mantle of uniform thickness over the 
underlying rock. Such a mantle of drift would not greatly alter 
the topography ; it would simply raise the surface by an amoimt 
equal to the thickness of the drift, leaving elevations and de- 
pressions of the same magnitude as before, and sustaining the 
same relations to one another. But the drift carried by the ice, 
in whatever position, was not equally distributed during trans- 
portation, and the conditions under which it was deposited were 
not uniform, so that it produced more or less notable changes 
in the topography of the surface on which it was deposited. 

The unequal distribution of the drift is readily imderstood. 
The larger part of the drift transported by the ice was carried 
in its basal portion; but since the surface over which the ice 
passed was variable, it yielded a variable amount of debris to 
the ice. Where it was hilly, the friction between it and the ico 
was greater than where it was plain, and the ice carried away 
more load. From areas where the surface was overspread by 
a great depth of loose material favorably disposed for removal, 
more debris was taken than from areas where material in a con- 
dition to be readily transported was meager. Because of the 
topographic diversity and lithological heterogeneity of the sur- 
face of the country over which it passed, some portions of the 
ice carried much more drift than others, and when the ice finally 
melted, greater depths of drift were left in some places than in 
others. Not all of the material transported by the ice was car- 
ried forward imtil the ice melted. Some of it was probably car- 
ried but a short distance from its original position before it 
lodged. Drift was thus acciunulating at some points beneath 
the ice during its onward motion. At such points the surface 
was being built up; at other points, abrasion was taking placOi 
and the surface was being cut down. The drift mantle of any 
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region does not, theref ore, represent simply the material which 
was on and in and beneath the ice of that place at the time of 
its melting, but it represents, in addition, all that lodged be- 
neath the ice during its movement. 

The constant tendency was for the ice to carry a considerable 
part of its load forward toward its thinned edge, and there ta 
leave it. It follows that if the edge of the ice remained con- 
stant in position for any considerable period of time, large 
quantities of drift would have accumulated under its marginal 
portion, giving rise to a belt of relatively thick drift. Other 
things being equal, the longer the time during which the position 
of the edge was stationary, the greater the accumulation of 
drift. Certain ridge-like belts where the drift is thicker than 
on either hand, are confidently believed to mark the position 
where the edge of the ice-sheet stood for considerable periods of 
time. 

Because of the unequal amounts of material carried by dif* 
ferent parts of the ice, and because of the unequal and incon- 
stant conditions of deposition under the body of the ice and its 
edge, the mantle of drift has a very variable thickness; and a 
mantle of drift of variable thickness cannot fail to modify the 
topography of the region it covers. The extent of the modifi- 
cation will depend on the extent of the variation. This 
amounts in the aggregate, to hundreds of feet. The continental 
ice sheet, therefore, modified the topography of the region it cov- 
ered, not only by the wear it effected, but also by the deposits 
it made. 

In some places it chanced that the greater thicknesses of drift 
were left in the positions formerly marked by valleys. Locally 
the body of drift was so great that valleys were completely filled, 
and therefore completely obliterated as surface features. Less 
frequently, drift not only filled the valleys but rose even higher 
over their former positions than on either side. In other places 
the greater depths of drift, instead of being deposited in the 
valleys, were left on pre-glacial elevations, building them up to 
still greater heights. In short, the mantle of drift of unequal 
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thickneea was laid down upon the rock surface in such a nuum^ 
that the thicker paxta sometimes rest on hills and ridges, some- 
times on slopes, sometimes on plains, and sometimes in vaUeyB. ' 
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These relations are suggested by Figs. 32 and 33. From 
them it will be seen that in regions where the thickness of the 
drift is great, relative to the relief of the imderlying rock, the 
topography may be completely changed. Not only may some 
of the valleys bo obliterated by being filled, but some of the hilla 
may be obliterated by having the lower land between them built 
up to their level. In regions where the thickness of the drift ifl 
slight, relative to the relief of the rock beneath, the hills cannot 
be buried, and the valleys cannot be completely filled, eo that 
the relative positions of the principal topographic features will 
remain much the same after the deposition of the drift, aa bo- 
fore (Fig. 83). 
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lu ease the pre-glacial vall^ were filled and the hills bur- 
ied, the new valleys which the surface waters will in time out 
in tlie drift nirfaee will have bat little correspondence in poet- 
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tion with those which existed before the ice incursion. A new 
system of valleys, and therefore a new system of ridges and hillS| 
will be developed, in some measure independent of the old. 
These relations are illustrated by Fig. 32. 

Inequalities in the thickness of drift lead to a still further 
modification of the surface. It frequently happened that in a 
plane or nearly plane region a slight thickness of drift was de* 
I)Osited at one point, while all about it much greater thicknesses 
were left. The area of thin drift would then constitute a de* 
pression, surroimded by a higher surface built up by the thicker 
deposits. Such depressions would at first have no outlets, and 
^ are therefore unlike the depressions shaped by rain and river 
erosion. The presence of depressions without outlets is one of 
the marks of a drift-covered (glaciated) country. In these de- 
pressions water may collect, forming lakes or ponds, or in some 
cases only marshes and bogs. 

DIBECTION OF ICE MOVEMENT. 

The direction in which glacier ice moved may be determined 
in various ways, even after the ice has disappeared. The shapes 
of the rock hills over which the ice passed (p. 81), the direction 
from which the materials of the drift came, and the course of 
the margin of the drift, all show that the ice of south centra} 
Wisconsin was moving in a general southwest direction. In 
the rock hills, this is shown by the greater wear of their northeast 
("stoes") sides (Plate XXXIV, p. 82). From the course of the 
drift margin, the general direction of movement may be inferred 
when it is remembered that the tendency of glacier ice on a plane 
surface is to move at right angles to its margin. 

For the exact determination of the direction of ice movement| 
recourse must be had to the striae on the bed-rock. Were the 
striated rock surface perfectly plane, and were the strise even 
lines, they would only tell that the ice was moving in one of two 
directions. But the rock surface is not usually perfectly plane, 
nor the strise even lines, and between the two directions which 
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lines alone might suggest, it is usually possible to decide. The 
minor prominences and depressions in the rock surface were 
shaped according to the same principles that govern the shaping 
of hills (Fig. 29) and valleys (Fig. 30) ; that is, the stoss sides 
of the minor prominences, and the distal sides of small depres- 
sions suffered the more wear. With a good compass, the direc- 
tion of the strifiB may be measured to within a fraction of a de- 
gree, and thus the direction of ice movement in a particular place 
be definitely determined. The strise which have been deter- 
mined about Baraboo are shown on Plate II, p. 5. 

Effect of topography on movement. — The effect of glaciation 
on topography has been sketched, but the topography in turn 
exerted an important influence on the direction of ice movement 
The extreme degree of topographic influence is seen in mountain 
regions like the Alps, where most of the glaciers are confined 
strictly to the valleys. 

As an ice sheet invades a region, it advances first and farthest 
along the lines of least resistance. In a rough country with 
great relief, tongues or lobes of ice would push forward in the 
valleys, while the hills or other prominences would tend to hold 
back or divide the onward moving mass. The edge of an ice 
sheet in such a region would be irregular. The marginal lobes 
of ice occupying the valleys would be separated by re-entrant 
angles marking the sites of hills and ridges. 

If the ice crossed a plane surface above which rose a notable 
ridge or hill, the first effect of the hill would be to indent the ice. 
The ice would move forward on either side, and if its thickness 
became suflSciently great, the parts moving forward on either 
side would again imite beyond it. A hill thus surrounded by 
ice is a nunatak. Later, as the advancing mass of ice became ^ 
thicker, it might completely cover the hill ; but the thickness of 
ice passing over the hill would be less than that passing on either 
side by an amoimt equal to the height of the hill. It follows 
that as ice encounters an isolated elevation, three stages in its 
oonteet with the obstruction may be recognized: 1) the stage 
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when the ridge or hill acts as a wedge, dividing the moving ioe 
into lobes, Fig. 34; 2) the nunat&k stage, when the ice has 
pushed forward and reunited beyond the hill. Fig. 35; 8) the 
stage when the ice has become sufficiently deep to cover the hill . 
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After the ice baa disappeared, the influence of the obstruction 
might be found in the disposition of the drift. If recession 
began during the first stage, that is, when the ice edge was sep- 
arated into lobes, the margin of the drift should be lobate, and 
would loop back around the ridge from its advanced position on 
either side. If recession began during the second stage, that ia, 
when the lobea had become confluent and completely surrounded 
the lull, a driftleas area wou]d appear in the midst of drift. If 
recession began during the third stage, that is, after the ice had 
moved on over the obstruction, the evidence of the sequence 
might be obliterated ; but if the ice moved but a short distance 
beyond the hill, the thinner ice over the hill would have advanced 
less far than the thicker ice on either side (Fig. 35), and tie 
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maigiD of the drift would show a re-entrant pointing back toward 
the bill, tihoogh not reaching it. All these conditions are illus- 
trated in the Devil's lake region. 




Fio. 8B. — Stine «• Fig. 84, when tbe In bu *d*«ne«d farther. 



Limit of the lee. 

The region under description is parti; covered vith drift, 
and partly free from it. The limit of the ice, at the time of its 
maximum expansion is well defined at many points, and the nar 
ture and position of the drift limit are so unique as to merit at- 
tentioD (see Platee II, p. 5, and XXXVII, p. 108). Thej 
illustrate manj of the principlee already discussed. 

The ice which covered the region was the western margin of 
the Green Bay lobe (Fig. 36) of the last continental ioe sheet 
It8 limit in this region is marked by a ridge-like accumular 
tiaa of drif'^ the Urminal moraine, which here has a general 
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nortli'flonth direction. The t^ou may have been affected hj 
the ice of more than one epoch, but since the ice of the last 
epoch advanced as far to the west in this region as that of 
any earlier epoch, the moraine is on the border between the 




glaciated country to the east, and the driftless area to the west 
(Plates I and II). That part of the moraine which lies weet 
of the Wisconsin river follows a somewhat sinuous course from 
Eilboum City to a point a. abort distance north of Prairie da 
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Sac. The departures from this general course are especially 
significant of the behavior of glacier ice. 

In the great depression between the quartzite ranges^ the 
moraine bends westward, showing that the ice advanced farther 
on the lowlands than on the ridges. As the moraine of this low 
area approaches the south range, it curves to the east At the 
point southwest of Baraboo where the easterly curve begins to 
show itself, the moraine lies at the north base of the quartzite 
range ; but as it is traced eastward, it is found to lie higher and 
higher on the slope of the range, until it reaches the crest nearly 
seven miles from the point where the eastward course was as- 
sumed. At this point it crosses the range, and, once across the 
crest, it turns promptly to the westward on the lower land to the 
south. Here the ice advanced up the valley between the East 
bluflf (east of the lake) and the Devil's nose (Plate XXXVII), 
again illustrating the fact that lowlands favor ice advance. The 
valley between the Devil's nose and the East bluff is a narrow 
one, and the ice advanced through it nearly to the present site 
of the lake. Meanwhile the restraining influence of the "nose'' 
was making itself felt, and the margin of the ice curved back 
from the bottom of the bluff near Kirkland, to the top of the 
bluff at the end of the nose. Here the edge of the ice crossied 
the point of the nose, and after rounding it, turned abruptly to 
the west Thence its edge lay along the south slope of the ridge, 
descending from the crest of the ridge at the nose, to the base of 
the ridge two miles farther west. Here the ice reached its limit 
on the lowland, and its edge, as marked by the moraine, turned 
southward, reaching the Wisconsin river about a mile and a half 
above Prairie du Sac. 

The course of the terminal moraine across the ridges is such 
as the margin of the ice would normally have when it advanced 
into a region of great relief. The great loop in the moraine 
with its eastern extremity at h, Plate XXXVII, is explained by 
the presence of the quartzite ridge which retarded the advancing 
ice while it moved forward on either side. The minor loop 
around the Devil's nose is explained in the same way. Both the 
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main loop, and the smaller one on the nose, ill? Jte the point 
made on p. 89. 

The narrow and curious loop at m^ is of a slightly different 
origin, though in principle the same. It is in the lee of a hi^ 
point in the quartzite ridge. The ice surmounted this point, 
and descended its western slope; but the thickness of the ice 
passing over the sununit was so slight that it advanced but a 
short distance down the slope before its force was exhausted| 
while the thicker ice on either side advanced farther before it 
was melted. 

Olactal Deposits. 

Before especial reference is made to the drift of this particu- 
lar region, it will be well to consider the character of drift de- 
posits in general. When the ice of the continental glacier be- 
gan its motion, it carried none of the stony and earthy debris 
which constitute the drift These materials were derived from 
the surface over which the ice moved. 

From the method by which it was gathered, it is evident that 
the drift of any locality may contain fragments of rock of every 
variety which occurs along the route followed by the ice which 
reached that locality. Where the ice had moved far, and where 
there were frequent changes in the character of the rock consti- 
tuting its bed, the variety of materials in the drift is great. The 
heterogeneity of the drift arising from the diverse nature of 
the rocks which contributed to it is Uthological heterogeneity — 
a term which implies the commingling of materials derived from 
different rock formations. Thus it is common to find pieces of 
sandstone, limestone, quartzite, granite, gneiss, schist, etc., inti- 
mately commingled in the drift, wherever the ice which pro- 
duced it passed over formations of these sever'^l sorts of rock. 
Lithological heterogeneity is one of the notable characteristics 
of glacial formations. 

Another characteristic of the drift is its physical heterogene- 
ity. As first gathered from the bed of moving ice, some of the 
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materials of the drift were fine and some coarse. The tendency 
of the ice in all cases was to reduce its load to a still finer con- 
dition. Some of the softer materials, such as soft shale, were 
crushed or ground to powder, forming what is known in com- 
mon parlance as clay. Clayey (fine) material is likewise pro- 
duced by the grinding action of ice-carried bowlders upon the 
rock-bed, and upon one another. Other sorts of rock, such as 
soft sandstone, were reduced to the physical condition of sand, 
instead of clay, and from sand to bowlders all grades of coarse- 
ness and fineness are represented in the glacial drift. 

Since the ice does not assort the material which it carries, as 
water does, the clay, sand, gravel and bowlders will not, by the 
action of the ice, be separated from one another. They are 
therefore not stratified. As left by the ice, these physically 
heterogeneous materials are confusedly commingled. The finer 
parts constitute a matrix in which the coarser are embedded. 

Physical heterogeneity (Plate XXXV), therefore, is another 
characteristic of glacial drift It is not to be understood that the 
proportions of these various physical elements, clay, sand, gravel, 
and bowlders, are constant. Locally any one of them may pre- 
dominate over any or all the others to any extent. 

Since lithological and physical heterogeneity are characteris- 
tics of glacial drift, they together afford a criterion which is 
often of service in distinguishing glacial drift from other sur- 
face formations. It follows that this double heterogeneity con- 
stitutes a feature which can be utilized in determining the for- 
mer extension of existing glaciers, as well as the former ex- 
istence of glaciers where glaciers do not now exist. 

Another characteristic of glacial drift, and one which clearly 
distinguishes it from all other formations with which it might 
be confounded, is easily imderstood from its method of forma- 
tion. If the ice in its motion holds down rock debris upon the 
rock surface over which it passes with such pressure as to polish 
and striate the bed-rock, the material carried will itself suffer 
wear comparable to that which it inflicts. Thus the stones, 
large and small, of glacial drift, will be smoothed and striated. 
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This sort of wear on the transported blocks of rock, is effected 
both by the bed-rock reacting on the bowlders transported over 
it, and by bowlders acting on one another in and under the ice. 
The wear of bowlders by bowlders is effected wherever adjacent 
ones are carried along at different rates. Since the rate of mo- 
tion of the ice is different in different parts of the glacier, the 
mutual abrasion of transported materials is a process constantly 
in operation. A large proportion of the transported stone and 
blocks of rock may thus eventually become striated. 

From the nature of the wear to which the stones are subjected 
when carried in the base of the ice, it is easy to understand that 
their shapes must be different from those of water-worn materi- 
als. The latter are rolled over and over, and thus lose all their 
angles and assume a more or less rounded form. The former, 
held more or less firmly in the ice, and pressed against the un- 
derlying rock or rock debris as they are carried slowly forward, 
have their faces planed and striated. The planation and stri- 
ation of a stone need not be confined to its under surface. On 
either side or above it other stones, moving at different rates, are 
made to abrade it, so that its top and sides may be planed and 
scored. If the ice-carried stones shift their positions, as they 
may under various circumstances, new faces will be worn. The 
new face thus planed off may meet those developed at an earlier 
time at sharp angles, altogether unlike anything which water- 
wear is capable of producing. The stone thus acted upon shows 
a surface bounded by planes and more or less beveled, instead 
of a rounded surface such as water wear produces. We find, 
then, in the shape of the bowlders and smaller stones of the drift, 
and in the markings upon their surfaces, additional criteria for 
the identification of glacier drift (Plate XXXVI). 

The characteristics of glacial drift, so far as concerns its con- 
stitution, may then be enianerated as, 1) its lithological, and 
2) physical heterogeneity; 3) the shlipes, and 4) the mark- 
ings of the stones of the drift. In structure, the drift which is 
strictly glacial, is unstratified. 

In the broadest sense of the term, all deposits made by glacier 
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ice are moraines. Those made beneath the ice and back from 
its edge constitute the ground moraine, and are distinguished 
from the considerable marginal accumulations which, under cer- 
tain conditions, are accumulated at or near the margin. These 
marginal accumulations are terminal moraines. Associated 
with the moraines which are the depoeits of the ice directly, 
there are considerable bodies of stratified gravel and sa^d, the 
structure of which shows that they were laid down by water. 
This is to be especially noted, since lack of stratification is pop- 
idarly supposed to be the especial mark of the formations to 
which the ice gave rise. 

These deposits of stratified drift lie partly beyond the ter- 
minal moraine, and partly within it. They often sustain very 
complicated relations both to the ground and terminal moraines. 

The drift as a whole is therefore partly stratified and partly 
unstratified. Structurally the two types are thoroughly dis- 
tinct, but their relations are often most complex, both horizon- 
tally and vertically. A fuller consideration of these relations 
wiU be found on a later page. 

The Ground Moraine. 

The ground moraine constitutes the great body of the glacial 
drift Bowlder clay, a term descriptive of its constitution in 
some places, and till, are other terms often applied to the ground 
moraine. The ground moraine consists of all the drift which 
lodged beneath the ice during its advance, all that was deposited 
back from its edge while its margin was farthest south, and most 
of that which was deposited while the ice was retreating. From 
this mode of origin it is readily seen that the ground moraine 
should be essentially as widespread as the ice itself. Locally, 
however, it failed of deposition. Since it constitutes the larger 
part of the drift, the characterietics already enumerated (p. 96) 
as belonging to drift in general are the characteristics of the till. 
Wherever obstacles to the progress of the ice lay in its path, 
there was a chance that these obstadee, rising somewhat into thd 
7 
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low^ part of the ice, would constitute barriers against which 
debris in the lower part of the ice would lodge. It might hap- 
pen also that the ice, under a given set of conditions favoring 
erosion, would gather a greater load of rock-debris than could 
be transported under the changed conditions into which its ad- 
vance brought it. In this case, some part of the load would bo 
dropped and over-ridden. Especially near the margin of the 
ice where its thickness was slight and diminishing, the ice must 
have found itself unable to carry forward the loads of debris 
which it had gathered farther back where its action was more 
vigorous. It will be readily seen that if not earlier deposited, 
all material gathered by the imder surface of the ice would ulti- 
mately find itself at the edge of the glacier, for given time 
enough, ablation will waste all that part of the ice occupying the 
space between the original position of the debris, and the margin 
of the ice. Under the thinned margin of the ice, therefore, con- 
siderable accumulations of drift must have been taking place 
while the ice was advancing. While the edge of the ice sheet 
was advancing into territory before uninvaded, the material ac- 
cumulated beneath its edge at one time, found itself much far- 
ther from the margin at another and later time. Under the 
more forcible ice action back from the margin, the earlier accu- 
mulations, made under the thin edge, were partially or wholly 
removed by the thicker ice of a later time, and carried down to or 
toward the new and more advanced margin. Here they were de- 
posited, to be in turn disturbed and transported still farther by 
the farther advance of the ice. 

Since in its final retreat the margin of the ice must have stood 
at all points once covered by it, these submarginal accumulations 
of drift must have been made over the whole country once cov- 
ered by the ice. The deposits of drift made beneath the mar- 
ginal part of the ice during its retreat, would either cover the 
deposits made under the body of the ice at an earlier time, or 
be left alongside theuL The constitution of the two phasies of 
till, that deposited during the advance of the ice, and that de- 
posited during its retreat, is essentially the same, and there is 
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nothing in their relative positions to sharply differentiate thenL 
They are classed together as subgldcial till. 

Subglacial till was under the pressure of the overlying ioe. 
In keeping with these conditions of accumulation, the till often 
possesses a firmness suggestive of great compression. Where 
its constitution is clayey it is often remarkably tough. Where 
this is the case, the quality here referred to has given rise to the 
jauggestive name "hard pan." Where the constitution of the 
tm is sandy, rather than clayey, this firmness and toughness are 
less developed, or may be altogether wanting, since sand cannot 
be compressed into coherent masses like clay. 

Constitution. — The till is composed of the more or less com- 
minuted materials derived from the land across which the ioe 
passed. The soil and all the loose materials which covered the 
rock entered into its composition. Where the ice was thick and 
its action vigorous, it not only carried away the loose material 
^hich it found in its path, but, armed with this material, it 
4ibraded the underlying rock, wearing down its surface and de- 
taching large and small blocks of rock from it. It follows that 
the constitution of the till at any point is dependent upon the 
nature of the soil and rock from which it was derived. 

If sandstone be the formation which has contributed most 
largely to the till, the matrix of the till will be sandy. Where 
limestone instead of sandstone made the leading contribution to 
it, the till has a more earthy or clayey matrix. Any sort of 
rock which may be very generally reduced to a fine state of di" 
vision under the mechanical action of the ice, will give rise to 
<5layey till. 

The nature and the number of the bowlders in the till, no less 
than the finer parts, depend on the character of the rock overrid- 
den. A hard and resistant rock, such as quartzite, will give rise 
to more bowlders in proportion to the total amount of material 
furnished to the ice, than will softer rock. Shale or soft sand- 
stone, possessing relatively slight resistance, will be much more 
^completely crushed. They will, therefore, yield proportion- 
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ately fewer bowlders than harder f ormationsy and more of the 
finer constituents of tilL 

The bowlders taken up by the ice as it advanced over one sort 
of rock and another, possessed different degrees of resistance. 
The softer ones were worn to smaller dimensions or crushed 
with relative ease and speed. Bowlders of soft rock are, there- 
fore, not commonly found in any abundance at great distances 
from their sources. The harder ones yielded less readily to 
abrasion, and were carried much farther before being destroyed, 
though even such must have suffered constant reduction in size 
during their subglacial journey. In general it is true that bowl- 
ders in the till, near their parent formations, are larger and less 
worn than those which have been transported great distances. 

The ice which covered this region had come a great distance 
and had passed over rock formations of many kinds. The till 
therefore contains elements derived from various formations; 
that is, it is lithologically heterogeneous. This heterogeneity 
cannot fail to attract the attention of one examining any of the 
many exposures of drift about Baraboo at road gradings, or in 
the cuts along the railway. Among the stones in the drift at 
these exposures are limestone, sandstone, quartzite, diabase, gab- 
bro, gneiss, granite, schist, and porphyry, together with pieces 
of flint and chert 

Such an array may be found at any of the exposures within 
the immediate vicinity of Devil's lake. To the north, and a 
few miles to the south of the Baraboo ranges, the quartzite from 
these bluffs, and the porphyry from the point marked h in Plate 
II, (p. 5) are wanting, though other varieties of porphyry are 
present The ice moved in a general west-southwest direction 
in this r^on, and the quartzite in the drift, so far as derived 
from the local formation, is therefore restricted to a narrow 
belt 

The physical heterogeneity may be seen at all exposures, and 
is illustrated in Plate XXXV (p. 95). The larger stones of the 
drift are usually of some hard variety of rock. Near the Bara- 
boo ranges, the local quartzite often predominates among the 
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bowlders, and einoe such bowlders bave not been carried f ar, 
tbey are often little worn. Awaj from the ranges^ the bowlders 
are generally of some crystalline rock, such as granite and dia- 
base. Bowlders of these sorts of rock are from a much more 
distant source, and are usually well worn. 

In general the till of any locality is made up largely of ma- 
terial derived from the formations close at hand. This fact 
seems to afford sufficient warrant for the conclusion that a consid- 
erable amount of deposition must have gone on beneath the ice 
during its movement, even back from its margin. To take a con- 
crete illustration, it would seem that the drift of southeast- 
em Wisconsin should have had a larger contribution than it has 
of material derived from Canadian territory, if material once 
taken up by the ice was all or chiefly carried down to its thinned 
edge before deposition. The fact that so little of the drift came 
from these distant sources would seem to prove that a large part 
of the material moved by the ice, is moved a relatively short dis- 
tance only. The ice must be conceived of as continually de- 
positing parts of its load, and parts which it has carried but a 
short distance, as it takes up new material from the territory 
newly invaded. 

In keeping with the character of till in general, that about 
DeviFs lake was derived largely from the sandstone, limestone 
and quartzite of the immediate vicinity, while a much smaller 
part of it came from more distant sources. This is especially 
noticeable in the fine material, which is made up mostly of the 
comminuted products of the local rock. 

Topography. — The topography of the ground moraine is in 
general the topography already described (p. 85) in considering 
the modification of preglacial topography effected by ice depo- 
sition. As left by the ice, its surface was undulating. The un- 
dulations did not take the form of hills and ridges with inter^ 
vening valleys, but of swells and depressions standing in no or- 
derly relationship to one another. IJndrained depressions are 
found in the ground moraine, but they are, as a rule, broader 
and shallower tlian the 'Settles" common to terminal moraines. 
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It is in the broad^ shallow depressions of the ground moraine 
that many of the lakes and more of the marshes of southeastern 
Wisconsin are located. 

The rolling, undulating topography characteristic of ground 
moraines is well shown about the City of Baraboo and between 
that point and the lake, and at many less easily designated 
points about Merrimac. 

In thickness the ground moraine reaches at least 160 feety 
though its average is much less — ^too little to obliterate the 
greater topographic features of the rock beneath. It is, how- 
ever, responsible for many of the details of the surface. 

Terminal Moraines. 

The marginal portion of the ice sheet was more heavily 
loaded — certainly more heavily loaded relative to its thickness — 
than any other. Toward its margin the thinned ice was con- 
stantly losing its transportive power, and at its edge this power 
was altogether gone. Since the ice was continually bringing 
drift down to this position and leaving it there, the rate of drift 
accumulation must have been greater, on the average, beneath 
the edge of the ice than elsewhere. 

Whenever, at any stage in its history, the edge of the ice re- 
mained essentially constant in position for a long period of time, 
the corresponding submarginal accumulation of drift was 
great, and when the ice melted, the former site of the stationary 
edge would be marked by a broad ridge or belt of drift, thicker 
than that on either side. Such thickened belts of drift are ier- 
minai moraines. It will be seen that a terminal moraine does 
not necessarily mark the terminus of the ice at the time of its 
greatest advance, but rather its terminus at any time when its 
edge was stationary or nearly so. 

From the conditions of their development it will be seen that 
these submarginal moraines may be made up of materials identi- 
cal with those which constitute the ground moraine, and such is 
often the case. But water arising from the mdting of the ice. 
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played a much more important role at its margin, than farther 
back beneath it. One result of its greater activity may be seen 
in the greater coarseness which generally characterizes the mat 
terial of the terminal moraine as compared with that of the ad^ 
jacent ground moraine. This is partly because the water car* 
ried away such of the finer constituents as it was able to trans* 
porty leaving the coarser behind. Further evidence of the great 
activity of water near the margin of the ice is to be seen in the 
relatively large amount of assorted and stratified sand and gravel 
associated with the terminal moraine. 

Such materials as were carried on the ice were dropped at its 
edge when the ice which bore them melted from beneath. If 
the surface of the ice carried many bowlders, many would be 
dropped along the line of its edge wherever it remained station* 
ary for any considerable period of time. A terminal moraine 
therefore embraces 1) the thick belt of drift accumulated be- 
neath the edge of the ice while it was stationary, or nearly so; 
and 2) such debris as was carried on the surface of the ice and 
dumped at its margin. In general the latter is relatively unim- 
portant 

At various stages in its final retreat, the ice made more or less 
protracted halts. These halting places are marked by marginal 
moraines of greater or less size, depending on the duration of 
the stop, and the amount of load carried. 

A terminal moraine is not the sharp and continuous ridge we 
are wont to think it. It is a belt of thick drift, rather than a 
ridge^ though it is often somewhat ridge-like. In width, it 
varies from a fraction of a mile to several miles. In the region 
under consideration it is rarely more than fifty feet high<^ and 
rarely less than a half mile wide, and a ridge of this height 
and width is not a conspicuous topographic feature in a r^on 
where the relief is so great as that of the Devil's lake region. 

Topography of terminal moraines. — The most distinctive f eat^ 
ure of a terminal moraine is not its ridge-like character, but itfl 
peculiar topography. In general, it is marked by depressions 
without outlets, associated with hillocks and short ridges coat 
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parable in dimensions to the depressions. Both elevations and 
depressions are^ as a rule, more abrupt than in the ground mor- 
aine. In the depressions there are many marshes, bogs, ponds 
and small lakes. The shapes and the abundance of round and 
roundish hill? have locally given rise to such names as ^^The 
Snobs/' ''Short Hills/' etc. Elsewhere the moraine has been 
named the ''Kettle Bange" from the number of kettle-like de- 
pressions in its surface. It is to be kept in mind that it is the 
association of the "knobs" and "kettles/' rather than either 
feature alone, which is the distinctive mark of terminal moraine 
topography. 




Fza 87. — Sketch of terminal moraine topography, on the quartzlte ridge east of 

DeyU's lake. (Mats.) 

The manner in which the topography of terminal moraines 
was developed is worthy of note. In the first place, the various 
I>arts of the ice margin carried unequal amounts of debris. This 
alone would have caused the moraine of any region to have been 
of unequal height and width at different points. In the second 
place, the margin of the ice, while maintaining the same general 
position during the making of a moraine, was yet subject to 
many minor oscillations. It doubtless receded to some slight 
extent because of increased melting during the summer, to ad- 
vance again during the winter. In its recession, the ice margin 
probably did not remain exactly parallel to its former position. 
If some parts receded more than others, the details of the line 
of its margin may have been much changed during a temporary 
retreat When the ice again advanced, its margin may have 
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4igain changed its form in some slight measure, so as to be par- 
aUel neither with its former advanced position, nor with its 
position after its temporary retreat. With each successive os- 
cillation of the edge, the details of the margin may have altered, 
imd at each stage the marginal deposits corresponded with the 
edge. There might even be considerable changes in the edge 
of the ice without any general recession or advance, as existing 
glaciers show. 

It was probably true of the margin of the American ice sheet, 
as of existing glaciers, that there were periods of years ^en 
the edge of the ice receded, followed by like periods when it re- 
mained stationary or nearly so, and these in turn followed by 
periods of advance. During any advance, the deposits made 
during the period of recession would be overridden and dis- 
turbed or destroyed. 

If the ice were to retreat and advance repeatedly during a 
considerable period of time, always within narrow limits, and if 
during this oscillation the details of its margin were frequently 
changing, the result would be a complex or "tangle" of minor 
morainic ridges of variable heights and widths. Between and 
among the minor ridges there would be depressions of various 
sizes and shapes. Thus, it is conceived, many of the peculiar 
hillocks and hollows which characterize terminal moraines may 
have arisen. 

Some of the depressions probably arose in another way. 
When the edge of the ice retreated, considerable detached masses 
of ice might be left beyond the main body. This might be bur- 
ied by gravel and sand washed out from the moraine. On melt- 
ing, the former sites of such blocks of ice would be marked by 
''kettles." In the marginal accumulations of drift as first de- 
posited, considerable quantities of ice were doubtless left. When 
this melted, the drift settled and the unequal settling may have 
given rise to some of the topographic irregularities of the drift. 

The terminal moraine about DeviVs lake. — On the lower 
lands, the terminal moraine of the Devil's lake region has tha 
features characteristic of terminal moraines in general. It is a 
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belt of tbick drift varying in width from half a mile or less to 
tbree-qnarters of a mile or more. Its surface is marked by nn- 
merous hills and short ridges, with intervening depressions or 
"kettles." Some of the depressions among the hills contain 
vrater, making ponde or marshes, thou^ the raUier loose texture 
of the drift of this region is not favorable to the retention of 
water. The moraine belt, aa a whole, is higher than the land on 
either side. It ie therefore somewhat ridge-like, and the small, 
short hills and ridges which mark its surface, are but constitn- 
ent parts of the larger, broader ridge. 

Approached from the west, that is from the driftless side, 
the moraine on the lower lands is a somewhat prominent topo- 
graphic feature, often appearing as a ridge thirty, forty or even 
fifty feet in hei^t Approached from the opposite direction, 
that is, from the ground moraine, it is notably less prominent, 
and its inner limit wherever located, is more or less arbitraryi 

A deep, fresh railway cut in the moraine southeast of Devil's 
lake illustrates its complexity of structure, a complexity which 
is probably no greater than that at many other points where ex- 
posures are not seen. The section is represented in Fig. 38. 







at KlAIand, partlallr 

The stratified sand to the right retains even the ripple-marks 
which were developed when it was deposited. To the left, at 
the same level, there is a body of till (unstratified drift), over 
which is a bed of stoneless and apparently structureless day. 
In a defwession just above the clay with till both to the rif^t 



THE GLACIAL PERIOD. 107 

and left, is a body of loam which poesesses the characterise 
tics of normal loess. It also contains calcareous concretions, 
though no shells have been found. This occtirrence of loess is 
the more noteworthy, since loess is rarely found in association 
with drift of the last glacial epoch.^ 

The moraine on the main quartzite range. — In tracing the 
moraine over the greater quartzite range, it is found to possess a 
unique feature in the form of a narrow but sharply defined ridge 
of drift, formed at the extreme margin of the ice at the time of 
its maximum advance. For fully eleven miles, with but one 
decided break, and two short stretches where its development is 
not strong, this unique marginal ridge separates the drift-cov- 
ered country on the one hand, from the driftless area on the 
other. In its course the ridge lies now on slopes, and now on 
summits, but in both situations preserves its identity. Where 
it rests on a plain, or nearly plain surface, its width at base 
varies from six to fifteen rods, and its average height is from 
twenty to thirty feet. Its crest is narrow, often no more than 
a single rod. Where it lies on a slope, it is asymmetrical in 
cross section (see Fig. 39), the shorter slope having a vertical 




Fio. 89. — ^Diagrammatic croM-section of the marginal ridge aa It oecora on the 
■outh Blope of the Devil'a Noae. The alope below, though glaciateO, Is 
nearly free from drift. . •- • -. 

range of ten to thirty-five feet, and its longer a range of forty 
to one hundred feet. This asymmetrical form persists through- 
out all that portion of the ridge which lies on an inclined sur- 
face, the slope of which does not correspond with the direction 
of the moraine. Where it lies on a flat surface, or an inclined 

^Ab account of loeaa In connection with the drift of the laat glacial epoch It 
glYen In the Jowmdl of Qeologif, VoL IV, W' 929-087. For a general account of 
loea^ aee Bltth Annual Seport of U. 8. Geological Bnrrej. 
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surf aoe the slope of which corresponds in direction with tl 

course of the ridge itself, its cross section is more nearly syi 

1 ' metrical (see Fig. 40). In all essential characteristics th 

marginal ridge corresponds with the End-Morane of the Qe 
mans. 
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Fxo. 40. — Diagrammatic crots-aectloii of the marginal ridge aa it appeara wb 

ita baae la not a aloplng aorface. 

For the sake of bringing out some of its especially significas 
features, the ridge may be traced in detail, commencing on tl 
south side of the west range. Where the moraine leaves tl 
lowlands south of the Devil's nose, and begins the ascent of tl 
prominence, the marginal ridge first appears at about the 94 
foot contour (f, Plate XXXVII). Though at first its develo; 
j ment is not strong, few rods have been passed before its crest 

^ fifteen to twenty feet above the drif tless area immediately to tl 

north (see Fig. 39) and from forty to one hundred feet above i 
base to the south, down the slope. In general the ridge become 
more distinct with increasing elevation, and except for two < 
three narrow post-glacial erosion breaks, is continuous to tl 
very summit at the end of the nose (g). The ridge i 
fact constitutes the uppermost forty or forty-five feet of tl 
crest of the nose, which is the highest point of the west ranj 
within the area shown on the map. Throughout the whole < 
this course the marginal ridge lies on the south slope of the nos 
and has the asymmetrical cross section shown in Fig. 39. Aboi 
(north of) the ridge at most points not a bowlder of drift o 
curs. So sharply is its outer (north) margin defined, that i 
many points it is ^ssible to locate it within the space of le 
than a yard. 

At the crest of the nost (g) the marginal ridge, without 
break, swings northward, and in less than a quarter of a mi 
turns again to the west Bearing to the north it present! 
reaches (at h) the edge of the precipitous bluff, bordering tl 
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great valley at the south end of the lake. Between the two 
arms of the loop thus formed, the surface of the nose is so nearly 
level that it could have offered no notable opposition to the prog- 
ress of the ice, and yet it failed to be covered by it. 

In the great valley between the nose and the east bluff, the 
marginal ridge does not appear. In the bottom of the valley 
the moraine takes on its normal form, and the slopes of the 
quartzite ridges on either hand are much too steep to allow any 
body of drift, or loose material of any sort, to lodge on them. 

Ascending the east bluff a little east of the point where the 
drift ridge drops off the west bluff, the ridge is again found 
(at i) in characteristic development. For some distance it is 
located at the edge of the precipitous south face of the bluff. 
Farther on it bears to the north, and soon crosses a col (;) in the 
ridge, building it up many feet above the level of the bed-rock. 
From this point eastward for about three miles the marginal 
ridge is clearly defined, the slopes about equal on either side, and 
the crest as nearly even as the topography of the underlying sur- 
face permits. The topographic relations in this part of the 
course are shown in Fig. 40. 

At Jc, this marginal ridge attains its maximum elevation, 1,620 
feet At this great elevation, the ridge turns sharply to the 
northwest at an angle of more than 90^. Following this direc- 
tion for little more than half a mile, it turns to the west. At 
some points in this vicinity the ridge assumes the normal mo^ 
rainic habit, but this is true for short distances only. Farther 
west, at Ij it turns abruptly to the northeast and is sharply de- 
fined. It here loops about a narrow area less than sixty rods 
wide, and over half a mile in length, the sharpest loop in its 
whole course. The driftless tract enclosed by the arms of this 
loop is lower than the drift ridge on either hand. The ice on 
either side would need to have advanced no more than thirty 
rods to have covered the whole of it. 

From the minor loop just mentioned, the marginal ridge is 
continued westward, being well developed for about a mile and 
a half. At this point the moraine swings south to the north end 
of DeviFs lake, loses the unique marginal ridge which has ehar- 
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acterized its outer edge across the quartzite range for so many 
miles^ and assumes the topography normal to terminal moraines. 
At no other point in the United States, so far as known to the 
writers, is there so sharply marked a marginal ridge associated 
with the terminal moraine, for so long a distance. 

From Plate II (p. 4) it will be seen that the moraine as a 
whole makes a great loop to the eastward in crossing the quartzite 
range. From the detailed description just given of the course 
of the marginal ridge, it will be seen that it has three distinct 
loop&; one on the Devil's nose (west of g, Plate XXXVII, p. 
108) ; one on the main ridge (west of k) and a minor one on the 
north side of the last (southwest of m). The first and third are 
but minor irregularities on the sides of the great loop, the head 
of which is at Je. 

The significant fact in connection with these irregularities in 
the margin of the moraine is that each loop stands in a definite 
relation to a prominence. The meaning of this relation is at 
once patent. The great quartzite range was a barrier to the ad- 
vance of the ice. Acting as a wedge, it caused a re-entrant in- 
the advancing margin of the glacier. The extent and position 
of the re-entrant is shown by the course of the moraine in Plate 
II. Thus the great loop in the moraine, the head of which is 
at Jc, Plate XXXVII, was caused by the quartzite range itself. 
The minor loops on the sides of the major are to be explained 
on the same principle. Northeast of the minor loop on the north 
side of the larger one (m) there are two considerable hills, reach- 
ing an elevation of nearly 1,500 feet. Though the ice advanc- 
ing from the east-northeast overrode them, they must have acted 
like a wedge, to divide it into lobes. The ice which reached 
their sunmiits had spent its energy in so doing, and was unable 
to move forward down the slope ahead, and the thicker bodies of 
ice which passed on either side of them, failed to unite in their 
lee (compare Figs. 34 and 35). The application of the same 
principle to the loop on the Devil's nose is evident. 

Constitution of the marginal ridge, — The material in the mar- 
ginal ridge, as seen where erosion has exposed it, is till, abnor- 
mal, if at all, only in the large percentage of widely transported 
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bowlders which it contains. This is especially true of the sur- 
face, where in some places 90 per cent, of the large bowlders are 
of very distant origin, and that in spite of the fact that the ice 
which deposited them had just risen up over a steep slope of 
quartzite, which could easily have yielded abundant bowlders. 
In other places the proportion of foreign bowlders is small, no 
more than one in ten. In general, however, bowlders of distant 
origin predominate over those derived close at hand. 

The slope of the upper surface of the ice at the margin. — ^The 
marginal ridge on the south slope of Devil's nose leads to an in- 
ference of especial interest. Its course lies along the south slope 
of the nose, from its summit on the east to its base on the west. 
Throughout this course the ridge marks with exactness the po- 
sition of the edge of the ice at the time of its maximum advance, 
and its crest must therefore represent the slope of the upper sur- 
face of the ice at its margin. 

The western end of the ridge (/, Plate XXXVII) has an al- 
titude of 940 feet, and its eastern end (g) is just above the 1,500- 
foot contour. The distance from the one point to the other is one 
and three-fourths miles, and the difference in elevation, 560 feet 
These figures show that the slope of the ice along the south face 
of this bluff was about 320 feet per mile. This, so far as known, 
is the first determination of the slope of the edge of the conti- 
nental ice sheet at its extreme margin. It is to be especially 
noted that these figures are for the extreme edge of the ice only. 
The angle of slope back from the edge was doubtless much less. 

Stratified Drift. 

While it is true that glacier ice does not distinctly stratify the 
deposits which it makes, it is still true that a very large part of 
the drift for which the ice of the glacial period was directly or 
indirectly responsible is stratified. That this should be so is 
not strange when it is remembered that most of the ice was ulti- 
mately converted into nmning water, just as the glaciers of to< 
day are. The relatively small portion which disappeared by 
evaporation was probably more than counterbalanced, at least 
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near the margin of the ice, by the rain which fell upon it It 
cannot be considered an exaggeration, therefore, to say that the 
total amount of water which operated on the drift, first and 
last, was hardly less than the total amoimt of the ice itself. The 
drift deposited by the marginal part of the ice was affected dur- 
ing its deposition, not only by the water which arose from the 
melting of the ice which did the depositing, but by much water 
which arose from the melting of the ice far back from the mar- 
gin. The general mobility of the water, as contrasted with ice, 
allowed it to concentrate its activities along those lines which 
favored its motion, so that different portions of the drift were 
not affected equally by the water of the melting ice. 

All in all it will be seen that the water must have been a very 
important factor in the deposition of the drift, especially near 
the margin of the ice. But the ice sheet had a marginal belt 
throughout its whole history, and water must have been active 
and effective along this belt, not only during the decadence of 
the ice sheet, but during its growth as well. It is further to be 
noted that any region of drift stood good chance of being oper- 
ated upon by the water after the ice had departed from it, so 
that in regions over which topography directed drainage after 
the withdrawal of the ice, the water had the last chance at the 
drift, and modified it in such a way and to such an extent as cir- 
cumstances permitted. 

Its origin. — There are various ways in which stratified drift 
may arise in connection with glacier deposits. It may come 
into existence by the operation of water alone ; or by the co-op- 
eration of ice and water. Where water alone was immediately 
responsible for the deposition of stratified drift, the water con- 
cerned may have owed its origin to the melting ice, or it may 
have existed independently of the ice in the form of lakes. 
When the source of the water was the melting ice, the water may 
have been nmning, when it was actively concerned in the depo- 
sition of stratified drift ; or it may have been standing (glacial 
lakes and ponds), when it was passively concerned. When ice 
co-operated with water in the development of stratified drift the 
ice was generally a passive partner. 
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Olacial drainage. — The body of an ice sheet during any glir 
<sial period is probably melting more or less at some horizons 
all the time, and at all horizons some of the time. Most of the 
water which is produced at the surface during the summer sinks 
beneath it. Some of it may congeal before it sinks far, but 
much of it reaches the bottom of the ice without refreezing. 
It is probable that melting is much more nearly continuous in 
the body of a moving ice sheet than at its surface, and that soma 
of the water thus produced sinks to the bottom of the ice without 
ref reezing. At the base of the ice, so long as it is in movement, 
there is doubtless more or less melting, due both to friction 
and to the heat received by conduction from the earth below. 
Thus in the ice and under the ice there must have been more 
or less water in motion throughout essentially all the history of 
an ice sheet. 

If it be safe to base conclusions on the phenomena of existing 
glaciers, it may be assumed that the wateirs beneath the ice, and 
to a less extent the waters in the ice, organized themselves to a 
greater or less degree into streams. For longer or shorter dis- 
tances these streams flowed in the ice or beneath it. Ultimately 
they escaped from its edge. The sul^lacial streams doubtless 
flowed, in part, in the valleys which affected the land surf aoe 
beneath the ice, but they were probably not all in such positions. 

The courses of well-deflned sul^lacial streams were tunnels. 
The bases of the tunnels were of rock or drift, while the sides 
and tops were of ice. It will be seen, therefore, that their 
•courses need not have corresponded with the courses of the val- 
leys beneath the ice. They may sometimes have followed lines 
more or less independent of topography, much as water may be 
forced over elevations in closed tubes. It is not to be inferred, 
however, that the subglacial streams were altogether independ- 
ent of the sub-ice topography. The timnels in which the water 
ran probably had too many leaks to allow the water to be forced 
up over great elevations. This, at least, must have been the case 
where the ice was thin or affected by crevasses. Under such 

circumstances the topography of the land surface must have been 
8 
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the oontrolling element in determining the course of th^ sub* 
glacial drainage. 

When the streams issued from beneath the ice the conditions 
of flow were more or less radically changed, and from their point 
of issue they followed the usual laws governing river flow. If 
the streams entered static water as they issued from the ice, and 
this was true where the ice edge reached the sea or a lake, the 
static water modified the results which the flowing waters would 
otherwise have produced. 

Stages in the history of an ice sheet. — The history of an ice 
sheet which no longer exists involves at least two distinct stages. 
These are 1) the period of growth, and 2) the period of de- 
cadence. If the latter does not begin as soon as the former is. 
complete, an intervening stage, representing the period of maxi- 
mum ice extension, must be recognized.^ In the case of the ice 
sheets of the glacial period, each of these stages was probably 
more or less complex. The general period of growth of each ice 
sheet is believed to have been marked by temporary, but by more 
or less extensive intervals of decadence, while during the gen- 
eral period of decadence, it is probable that the ice was subject 
to temporary, but to more or less extensive intervals of recru- 
descence. For the sake of simplicity, the effects of these oscil- 
lations of the edge of the ice will be neglected at the outset, and 
the work of the water accompanying the two or three principal 
stages of an ice sheet's history will be outlined as if interruptions 
in the advance and in the retreat, respectively, had not occurred. 

As they now exist, the deposits of stratified drift made at 
the edge of the ice or beyond it during the period of its maxi- 
mum extension present the simplest, and at the same time most 
sharply defined phenomena, and are therefore considered first. 
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Deposits Made by Extraglacial Waters During the Maximum 

Extension of the Ice. 

The deposits made by the water at the time of the maximum 
exteBsion of the ice and during its final retreat, were never disf- 
turbed by subsequent glacier action. So far as not destroyed by 
subsequent erosion, they still retain the form and structure 
which they had at the outset Such drift deposits, because they 
lie at the surface, and because they are more or less distinct 
topographically as well as structurally, are better known than 
the stratified drift of other stages of an ice sheet's history. Of 
stratified drift made during the maximum extension of the ice, 
and during its final retreat, there are several types. 

A. At the edge of ice^ on land. — ^If the subglacial streams 
flowed under "head," the pressure was relieved when they es- 
caped from the ice. With this relief, there was diminution of 
velocity. With the diminution of velocity, deposition of load 
would be likely to take place. Since these changes would be 
likely to occur at the immediate edge of the ice, one class of 
stratified drift deposits would be made in this position, in im- 
mediate contact with the edge of the ice, and their form would 
be influenced by it. At the stationary margin of an ice sheet, 
therefore, at the time of its maximum advance, ice and water 
must have cooperated to bring into existence considerable quan- 
tities of stratified drift 

The edge of the ice was probably ragged, as the ends of gla- 
ciers are today, and as the waters issued from beneath it, they 
must frequently have left considerable quantities of such debris 
as they were carrying, against its irregular margin, and in its ^ 
re-entrant angles and marginal crevasses. When tb.e ice against 
which this debris was first lodged melted, the marginal accumu- 
lations of gravel and sand often assumed the form of harnss. 
A typical kame is a hill, hillock, or less commonly a short ridge 
of stratified drift ; but several or many are often associated, giv- 
ing rise to groups and areas of kames. Eames are often asso- 
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«iated with terminal moraines, a relation which emphasizes the 
fact of their marginal origin. 

So far as the superficial streams which flowed to the edge of 
the ice carried debris, this was subject to deposition as the 
streams descended from the ice. Such drift would tend to in- 
erease the body of marginal stratified drift from subglacial 
sources. 

Marginal accumulations of stratified drift, made by the co-op- 
eration of running water and ice, must have had their most ex- 
tensive development, other things being equal, where the margin 
of the ice was longest in one position, and where the streams 
were heavily loaded. The deposits made by water at the edge 
of the ice differ from those of the next class — ^made beyond the 
edge of the ice — in that they were influenced in their disposition 
and present topography, by the presence of ice. 

In the Devil's lake region isolated and well-defined kames are 
not of common occurrence. There are, however, at many points 
hills which have something of a kame-like character. There is 
such a hill a mile southeast of the Court house at Baraboo, at 
the point marked p, Plate XXXVTI. In this hill there are good 
exposures which show its structure. There are many hillocks 
of a general kame-like habit associated with the terminal mo* 
raine south of the main quartzite range, and north of the Wis- 
consin river. Many of them occur somewhat within the ter- 
minal moraine a few miles northwest of Merrimac. 

B. Beyond the edge of the ice, on land. — As the waters es- 
caping from the ice flowed farther, deposits of stratified drift 
were made quite beyond the edge of the ice. The forms as- 
sumed by such deposits are various, and depended on various 
conditions. Where the waters issuing from the edge of the ice 
found themselves concentrated in valleys, and where they pos- 
sessed sufficient load, and not too great velocity, they aggraded 
the valleys through which they flowed, developing fluvial plains 
of gravel and sand, which often extended far beyond the ice. 
Such fluvial plains of gravel and sand constitute the valley trains 
which extend beyond the unstratifled glacial drift in many of 
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the valleys of the United States. They are found especially in 
the valleys leading out from the stouter terminal moraines of 
late glacial age. From these moraines, the more extensive val- 
ley trains take their origin, thus emphasizing the fact that they 
are deposits made by water beyond a stationary ice margin. 
Valley trains have all the characteristics of alluvial plains built 
by rapid waters carrying heavy loads of detritus. Now and 
then their surfaces present slight variations from planeness, bat 
they are minor. Like all plains of similar origin they decline 
gradually, and with diminishing gradient, down stream. They 
are of coarser material near their sources, and of finer material 
farther away. Valley trains constitute a distinct topographic as 
well as genetic type. 

A perfect example of a valley train does not occur within the 
region here discussed. There is such a train starting at the 
moraine where it crosses the Wisconsin river above Prairie du 
Sac, and extending down that valley to the Mississippi, but at 
its head this valley train is wide and has the appearance of an 
overwash plain, rather than a valley train. Farther from the 
moraine, however, it narrows, and assumes the normal charao- 
teristics of a valley train. It is the gravel and sand of this for- 
mation which underlies Sauk Prairie, and its topographic con- 
tinuation to the westward. 

Where the subglacial streams did not follow subglacial val- 
leys, they did not always find valleys when they issued from the 
ice. Under such circumstances, each heavily loaded stream 
coming out from beneath the ice must have tended to develop a 
plain of stratified material near its point of issue — ^a sort of al- 
luvial fan. Where several such streams came out from beneath 
the ice near one another, their several plains, or fans, were 
likely to become continuous by lateral growth. Such border 
plains of stratified drift differ from valley trains particularly 

1) in being much lees elongate in the direction of drainage; 

2) in being much more extended parallel to the margin of the 
ice; and 8) in not being confined to vall^s. Such plains 
stood an especially good chance of development where l^e edge 
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of the ioe remained oonstant for a considerable period of time, 
for it was under such conditions that the issuing waters had 
opportunity to do much work. Thus arose the type of stratified 
drift variously known as overwash plainSy outwash plains, mor- 
ainic plains, and moraimc mpr^ms. These plains sometimes 
skirt the moraine for many miles at a stretdL 

Overwash plains may sometimes depart from p Umewew Jqr 
taking on some measure of undulation, of the sag and swell 
(kame) type, especially near their moraine edges. The same 
is often true of the heads of valley trains. The heads of valley 
trains and the inner edges of overwash plains, it is to be noted, 
occupy the general position in which kames are likely to be 
formed, and the imdulations which often affect these parts of 
the trains and plains, respectively, are probably to be attributed 
to the influence of the ice itself. Valley trains and overwash 
plains, therefore, at their upper ends and edges respectively, 
may take on some of the features of kames. Indeed, either may 
head in a kame area. 

Gk)od examples of overwash or outwash plains may be seen 
at various points in the vicinity of Baraboo. The plain west of 
the moraine just south of the main quartzite ridge has been re- 
ferred to under valley trains. In Sauk Prairie, however, its 
characteristics are those of an outwash plain, rather than those 
of a valley train. 




Fxo. 41. — ^The moralnic or outwash plain bordering the terminal moraine. The 
figure is diagrammatic, but represents. In cross section, the normal relation 
as seen south of the quartsite range at the east edge of Sauk Prairie, north 
of the Baraboo river and at some points between the South range and the 
Baraboo. 

A good example of an outwash plain occurs southwest of Bar- 
aboo, flanking the moraine on the west (Fig. 41). Seen from 
the west, the moraine just north of the south quartzite range 
stands up as a conspicuous ridge twenty to forty feet above the 
morainio plain which abuts against it Traced northward, the 



THB GLACIAL PERIOD. 



119 



^dge of the outwash plain, as it abuts against the moraine, be- 
comes higher, and in Section 4, Township 11 N., Bange 6 E., 
the moraine edge of the plain reaches the crest of the moraine 
(Fig. 42). From this point north to the Baraboo river the 
moraine scarcely rises above the edge of the outwash beyond. 




rzo. 42. — ^The outwash plain la built up to the crest of the moraine. The figure 
la diagrammatic, but this relation is seen at the point marked W, Plate II. 

North of the Baraboo river the moraine is again distinct and 
the overwash plain to the west well developed much of the way 
from the Baraboo to Kilbourn City. A portion of it is known 
as Webster's Prairie. 

Locally, the outwash plains of this region have been much 
dissected by erosion since their deposition, and are now affected 
by many small valleys. In composition these plains are nearly 
everywhere gravel and sand, the coarser material being nearer 
the moraine. The loose material is in places covered by a layer 
of loam several feet deep, which greatly improves the character 
of the soil. This is especially true of Sauk Prairie, one of the 
richest agricultural tracts in the state. 

When the waters issuing from the edge of the ice were slug- 
gish, whether they were in valleys or not, the materials which 
they carried and deposited were fine instead of coarse, giving 
rise to deposits of silt, or clay, instead of sand or gravel. 

At many points near the edge of the ice during its maximum 
stage of advance, there probably issued small quantities of water 
not in the form of well-defined streams, bearing small quantities 
of detritus. These small quantities of water, with their cor- 
respondingly small loads, were unable to develop considerable 
plains of stratified drift, but produced small patches instead. 
Such patches have received no special designation. 

In the deposition of stratified drift beyond the edge of the 
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ioe, the latter was concerned only in so far as its activity helped 
to supply the water with the necessary materials. 

(7. Deposits at and beyond the edge of the ice in standing 
water. — The waters which issued from the edge of the ice some- 
times met a different fate. The ice in its advance often moved 
up river valleys. When at the time of its maximum extension^ 
it filled the- lower part of a valley, leaving the upper part free, 
drainage through the valley stood good chance of being blocked. 
Where this happened a marginal valley lake was formed. Such 
a lake was formed in the valley of the Baraboo when the edge of 
the ice lay where the moraine now is (Plate II). The waters 
which were held back by the ice dam, reinforced by the drainage 
from the ice itself, soon developed a lake above the point of ob- 
struction. This extinct lake may be named Baraboo lake* In 
this lake deposits of laminated clay were made. They are now 
exposed in the brick yards west of Baraboo, and in occasional 
gullies and road cuts in the flat bordering the river. 

At the point marked s (Plate XXXVII, p. 108) there was, in 
glacial times, a small lake haying an origin somewhat different 
from that of Baraboo lake (see p. 133). The former site of the 
lake is now marked by a notable flat Excavations in the flat 
show that it is made up of stratified clay, silt, sand and grayel, 
to the depth of many feet, — ^locally more than sixty. These 
lacustrine deposits are well exposed in the road cuts near the 
northwest corner of the flat, and in washes at some other points. 
Plate XXXVIII shows some of the silt and clay, the lamints 
of which are much distorted. 

Deltas must have been formed where well-defined streams en- 
tered the lakes, and subaqueous overwash plains where deltas 
became continuous by lateral growth. The accumulation of 
stratified drift along the ice-ward shores of such lakes must have 
been rapid, because of the abundant supply of detritus. These 
materials were probably shifted about more or less by waves and 
shore currents, and some of them may have been widely distrib- 
uted. Out from the borders of such lakes, fine silts and dayt 
must have been in process of deposition, at the same time that 
the coarse materials were being laid down nearer shore. 
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Good examples of deltas and subaqueous overwash plains do 
not appear to exist in the region, although conditions for their 
development seem to have been present. Thus in the lake 
which occupied the valley of the Baraboo, conditions would 
seem to have been ideal for the development of such features ^ 
that is, the overwash plains previously described should, the- 
oretically, have been subaqueous overwash plains; but if thi* 
be their character, their distinctive marks have been destroyed by 
subsequent erosion. 

During the maximum extension of an ice sheet, therefore, 
there was chance for the development, at its edge or beyond 
it, of the following types of stratified drift: (1) kames and 
kame belts, at the edge of the ice; (2) fluvial plains or valley 
trains, in virtual contact with the ice at their heads ; (3) border 
plains or overwash plains, in virtual contact with the ice at 
their upper edges; (4) ill-defined patches of stratified drift, 
coarse or fine near the ice ; (5) subaqueous overwash plains and 
deltas, formed either in the sea or lakes at or near the edge of 
the ice; (6) lacustrine and marine deposits of other sorts, the 
materials for which were furnished by the waters arising from 
the ice. So far as this region is concerned, all the deposits made 
in standing water were made in lakes. 

Deposits Made by Extraglacial Waters During the Retreat of 

the Ice. 

During the retreat of any ice sheet, disregarding oscillations 
of its edge, its margin withdrew step by step from the position 
of extreme advance to its center. When the process of dissolu- 
tion was complete, each portion of the territory once covered 
by the ice, had at some stage in the dissolution, found itself in 
a marginal position. At all stages in its retreat the waters is- 
suing from the edge of the ice were working in the manner al- 
ready outlined in the preceding paragraphs. Two points of dif- 
ference only need be especially noted. In the first place the de- 
posits made by waters issuing from the retreating ice were laid 
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down on territory which the ice had occupied, and their sub- 
jacent stratum was often glacial drift So far as this was the 
"Case, the stratified drift was super-morainic, not extra-morainic. 
In the second place the edge of the ice in retreat did not give 
rise to such sharply marked formations as the edge of the ice 
whiflh was stationary. The processes which had given rise to 
Talley trains, overwash plains, kames, etc., while the ice edge 
was stationary, were still in operation, but the line or zone of 
their activity (the edge of the ice) was continually retreating, 
fio that the foregoing types, more or less dependent on a station- 
ary edge, were rarely well developed. As the ice withdrew, 
therefore, it allowed to be spread over the surface it had earlier 
occupied, many incipient valley trains, overwash plains, and 
kames, and a multitude of ill-defined patches of stratified drift, 
thick and thin, coarse and fine. Wherever the ice halted in its 
retreat, these various types stood chance of better development. 

Such deposits did not cover all the surface discovered by the 
ice in its retreat, since the issuing waters, thanks to their great 
mobility, concentrated their activities along those lines which 
favored their motion. Nevertheless the aggregate area of the 
deposits made by water outside the ice as it retreated, was great. 

It is to be noted that it was not streams alone which were 
operative as the ice retreated. As its edge withdrew, lakes and 
ponds were continually being drained, as their outlets, hitherto 
choked by the ice, were opened, while others were coming into 
existence as the depressions in the surface just freed from ice, 
filled with water. Lacustrine deposits at the edge of the ice 
during its retreat were in all essential respects identical with 
those made in similar situations during its maximum extension. 

Disregarding oscillations of the ice edge at these stages, the 
deposits made by extraglacial waters during the maximum ex- 
tension of an ice sheet, and during its retreat, were always left 
at the surface, so far as the work of that ice sheet was concerned. 
The stratified drift laid down by extraglacial waters in these 
stages of the last ice sheet which affected any region of our con- 
tinent still remain at the surface in much the condition in which 
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they were deposited, except for the erosion they have since suf- 
fered. It is because of their position at the surface that the de- 
posits referable to these stages of the last ice sheet of any given 
region have received most attention and are therefore most fa- 
miliar. 

Deposits Made by Extraglacial Waters During the Advance 

of the Ice. 

During the advance of an ice sheet, if its edge forged steadily 
forward, the waters issuing from it, and flowing beyond, were 
effecting similar results. They were starting valley trains, 
overwash plains, kames, and small ill-defined patches of strati- 
fied drift which the ice did not allow them to complete before 
pushing over them, thus moving forward the zone of activity of 
extraglacial waters. Unlike the deposits made by the waters 
of the retreating ice, those made by the waters of the advancing 
stage were laid down on territory which had not been glaciated, 
or at least not by the ice sheet concerned in their deposition. 
If the ice halted in its advance, there was at such time and place 
opportunity for the better development of extraglacial stratified 
drift. 

Lakes as well as streams were concerned in the making of 
stratified beds of drift, during the advance of the ice. Marginal 
lakes were obliterated by having their basins filled with the ad- 
vancing ice, which displaced the water. But new ones were 
formed, on the whole, as rapidly as their predecessors became 
extinct, so that lacustrine deposits were making at intervals 
along the margin of the advancing ice. 

Deposits made in advance of a growing ice sheet, by waters 
issuing from it, were subsequently overridden by the ice, to the 
limit of its advance, and in the process, suffered destruction, 
modification, or burial, in whole or in part, so that now they 
rarely appear at the surface. 
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Deposits Made by Subglacial Streams. 

Before their issuance from beneath the ice, subglacial waters 
were not idle. Their activity was sometimes erosive, and at 
such times stratified deposits were not made. But where the 
sub-glacial streams found themselves overloaded, as seems fre- 
quently to have been the case, they made deposits along their 
lines of flow. Where such waters were not confined to definite 
channels, their deposits probably took on the form of irregular 
patches of silt, sand, or gravel; but where depositing streams 
were confined to definite channels, their deposits were corres- 
pondingly concentrated. 

When subglacial streams were confined to definite channels, 
the same may have been constant in position, or may have shifted 
more or less from side to side. Where the latter happened there 
was a tendency to the development of a belt or strip of stratified 
drift having a width equal to the extent of the lateral migrations 
of the under-ice stream. Where the channel of the subglacial 
stream remained fixed in position, the deposition was more con- 
centrated, and the bed was built up. If the stream held its 
course for a long period of time, the measure of building may 
have been considerable. In so far as these channel deposits were 
made near the edge of the ice, during the time of its maximum 
extension or retreat, they were likely to remain undisturbed dur- 
ing its melting. The abraded channels then came to stand out 
as ridges. These ridges of gravel and sand are known as osars 
or eskers. It is not to be inferred that eskers never originated 
in other ways, but it seems clear that this is one method, and 
probably the principal one, by which they came into existence. 
Eskers early attracted attention, partly because they are rela- 
tively rare, and partly because they are often rather striking 
topographic features. The essential conditions, therefore, for 
their formations, so far as they are the product of subglacial 
drainage, are 1) the confining of the subglacial streams to defi- 
nite channels; and 2) a sufficient supply of detritus. One 
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eeker only has been found in the region under consideration. It 
is located at the point marked j, Plate II, seven and one-half 
miles northeast of Merrimac and one and one-half miles south 
of Alloa (gf, Plate II). The esker is fully a quarter of a mile 
long, about thirty feet high, and four rods wide at its base. 

Subglacial deposits of stratified drift were sometimes made 
on imstratified drift (till) already deposited by the ice before 
the location of the stream, and sometimes on the rock surfaces 
on which no covering of glacier drift had been spread. 

It is to be kept in mind that subglacial drainage was opera- 
tive during the advance of an ice sheet, during its maximum 
extension, and during its retreat, and that during all these stages 
it was effecting its appropriate results. It will be readily seen, 
however, that all deposits made by subglacial waters, were sub- 
ject to modification or destruction or burial, through the agency 
of the ice, and that those made during the advance of the ice 
were less likely to escape than those made during its maximum 
extension or retreat. 

BELATIONS OF STRATIFIED TO UNSTRATIFIED DRIFT. 

When it is remembered that extraglacial and subglacial waters 
were active at all stages of an ice sheet's history, giving rise, 
or tending to give rise to all the phases of stratified drift enu- 
merated above; when it is remembered that the ice of several 
epochs affected much of the drift-covered country; and when 
it is remembered further that the edge of the ice both during ad- 
vance and retreat was subject to oscillation, and that each ad- 
vance was likely to bury the stratified drift last deposited, be- 
neath imstratified, it will be seen that the stratified drift and the 
unstratified had abundant opportunity to be associated in all re- 
lationships and in all degrees of intimacy, and that the relations 
of the one class of drift to the other may come to be very com- 
plex. 

As a result of edge oscillation, it is evident that stratified drift 
m^y alternate with unstratified many times in a formation of 
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drift deposited during a single ice epoch, and that two beds of 
till, separated by a bed of stratified drift, do not necessarily rep- 
resent two distinct glacial epochs. The extent of individual 
beds of stratified drift, either beneath the till or inter-bedded 
with it, may not be great, though their aggregate area and their 
aggregate volume is very considerable. It is to be borne in mind 
that the ice, in many places, doubtless destroyed all the strati- 
fied drift deposited in advance on the territory which it occupied 
later, and that in others it may have left only patches of once 
extensive sheets. This may help to explain why it so frequently 
happens that a section of drift at one point shows many layers 
of stratified drift, while another section close by, of equal depth, 
and in similar relationships, shows no stratified material what- 
soever. 

Such deposits as were made by superglacial streams during 
the advance of the ice must likewise have been delivered on the 
land surface, but would have been subsequently destroyed or 
buried, becoming in the latter case, submorainic. This would 
be likely to be the fate of all such superglacial gravels as reached 
the edge of the ice up to the time of its maximum advance. 

Streams descending from the surface of the ice into crevasses 
also must have carried down sand and gravel where such mate- 
rials existed on the ice. These deposits may have been made 
on the rock which underlies the drift, or they may have been 
made on stratified or unstratified drift already deposited. In 
either case they were liable to be covered by till, thus reaching 
an inter-till or sub-till position. 

Englacial streams probably do little depositing, but it is alto- 
gether conceivable that they might accimiulate such trivial 
pockets of sand and gravel as are found not infrequently in the 
midst of till. The inter-till position would be the result of sub- 
sequent burial after the stratified material reached a resting^ 
place. 

Complexity of relations. — From the foregoing it becomes clear 
that there are diverse ways by which stratified drift, arising in 
connection with an ice sheet, may come to be interbedded with 
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till, when due recognition is made of all the halts and oscilla- 
tions to which the edge of a continental glacier may have been 
subject during both its advance and retreat 



CLASSIFICATION OF STiRATIFIED DRIFT ON THE BASIS OF POSITION^ 

In general the conditions and relations which theoretically 
should prevail are those which are actually found. 

On the basis of position stratified drift deposits may be classi- 
fied as follows: 

1. Extraglacial deposits, made by the waters of any glacial 
epoch if they flowed and deposited beyond the farthest limit of 
the ice. 

2. Supermorainic deposits made chiefly during the final re- 
treat of the ice from the locality where they occur, but sometimes 
by extraglacial streams or lakes of a much later time. Locally 
too, stratified deposits of an early stage of a glacial epoch, lying 
on till, may have failed to be buried by the subsequent passage 
of the ice over them, and so remain at the surface. In origin^ 
supermorainic deposits were for the most part extraglacial (in- 
cluding marginal), so far as the ice sheet calling them into ex- 
istence was concerned. Less commonly they were subglacial, 
and failed to be covered, and less commonly still superglacial«. 

3. The suhmorainic (basal) deposits were made chiefly by 
extraglacial waters in advance of the first ice which affected the- 
region where they occur. They were subsequently overridden 
by the ice and buried by its deposits. Submorainic deposits, 
however, may have arisen in other ways. Subglacial watera 
may have made deposits of stratified drift on surfaces which 
had been covered by ice, but not by till, and such deposits may 
have been subsequently buried. The retreat of an ice sheet may 
have left rock surfaces free from till covering, on which the mar- 
ginal waters of the ice may have made deposits of stratified drift 
These may have been subsequently covered by till during a re- 
advance of the ice in the same epoch or in a sucoeeding one. 
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Sitill again, the till left by one ioe sheet may have be^i exposed to 
erosion to such an extent as to have been completely worn away 
before the next ice advance, so that stratified deposits connected 
with a second or later advance may have been made on a drift- 
less surf ace, and subsequently buried. 

4. Intermorainic stratified drift may have originated at the 
outset in all the ways in which supermorainic drift may origi- 
nate. It may have become intermorainic by being buried in any 
one of the various ways in which the stratified drift may become 
aubmorainic. 



OHANOES IN D&AINAOE EFFECTED BY THE ICE. 

While the Ice Was on. 

% 
As the continental ice sheet invaded a region, the valleys were 

^ed and drainage was thereby seriously disturbed. Different 
streams were affected in different ways. Where the entire basin 
of a stream was covered by ice, the streams of that basin were, for 
the time being, obliterated. Where the valley of a stream was 
partially filled with ice, the valley depression was only partially 
obliterated, and the remaining portion became the scene of vari- 
ous activities. Where the ice covered the lower course of a 
stream but not the upper, the ice blocked the drainage, giving 
rise to a lake. Where the ice covered the upper course of a 
stream, but not its lower, the lower portion was flooded, and 
though the river held its position, it assumed a new phase of 
activity. Streams issuing from the ice usually carry great 
quantities of gravel and sand, and make deposits along their 
lower courses. Long continued glacial drainage usually results 
in a large measure of aggradation. This was true of the streams 
of the glacial period. 

Where a stream flowed parallel or approximately parallel to 
the edge of the advancing ice it was sometimes shifted in the 
direction in which the ice was moving, keeping parallel to the 
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front of the ioe. All of these classes of changes took place in 
this region* 

Wisconsin lake. — ^Reference has already been made to certain 
lakes which existed in the region when the ice was there. The 
largest of these lakes was that which resulted from the blocking 
of the Wisconsin river. The ice crossed its present course at 
Kilboum City, and its edge lay to the west of the river from 
that point to Prairie du Sac (see Plate I, p. 4). The waters 
from the area now draining into the Wisconsin must either have 
foimd an avenue of escape beneath the ice, or have accumulated 
in a lake west of the edge of the ice. There is reason to believe 
that the latter was what happened, and that a great lake cov- 
ered much of the low land west of the Wisconsin river above 
and below Kilboum City. The extensive gravel beds on the 
north flank of the quartzite bluff at Necedah, and the water- 
worn pebbles of local origin on the slope of Petenwell peak 
(Plate XXXII), as well as the gravels at other points, are pre- 
sumably the work of that lake. The waters in this lake, as in 
that in the Baraboo valley, probably rose until the lowest point 
in the rim of the basin was reached, and there they had their 
outlet. The position of this outlet has not been definitely de- 
termined, but it has been thought to be over the divide of the 
Black river.^ It is possible, so far as now known, that this lake 
was connected with that of the Baraboo valley. Until topo- 
graphic maps of this region are made, the connections will not 
be easily determined. 

Even after the ice had retreated past the Wisconsin, opening 
up the present line of drainage, the lakes did not disappear at 
once, for the ice had left considerable deposits of drift in the 
Wisconsin valley. Thus at f. Plates II (p. 6) and XXXVU 
(p. 108), and perhaps at other points, the Wisconsin has made 
cuts of considerable depth in the drift Were these cuts filled, 
as they must have been when the ice melted, the drainage would 
be ponded, the waters standing at the level of the dam. This 

^ChMBberna : GMlogy of Wlteonitn, Vol. 1. 
9 



]^30 GEOGRAPHT OF THE DBYIUB LAKE REGION. 

drift obstruction at f would therefore have prolonged the his- 
tory of the lake which had come into existence when the ice 
blocked the drainage of the Wisconsin. As the drift of the val- 
ley was removed the level of the lake sank and finally disap- 
peared. 

JBaraboo lake. — Another lake which existed in this r^on 
when the ice was here, occupied the valley of the Baraboo and 
its tributaries when the ice blocked the valley at Baraboo. 
This lake occupied not only the valley of the Baraboo^ but 
extoided up the lower course of every tributary, presumably 
rising imtil it found the lowest point in the rim of the drainage 
basin. The location of this point, and therefore the height of 
the lake when at its maximum, are not certainly known, thou^ 
meager data on this point have been collected. At a point three 
miles southeast of Ablemans on the surface of a sandstone slope, 
water-worn gravel occurs, the pebbles of which were derived 
from the local rock. On the slope below the gravel, the surface 
is covered with loam which has a suggestion of stratification, 
while above it, the soil and subsoil appear to be the product of 
local rock decomposition. This water-worn gravel of local origin 
on a steep slope facing the valley, probably represents the work 
of the waves of this lake, perhaps when it stood at its maximum 
height. This gravel is about 125 feet (aneroid measurement) 
above the Baraboo river to the north. 

Further evidence of a shore line has been found at the point 
marked t, Plate II. At this place water-worn gravel of the 
local rock occurs in much the same relationship as that already 
mentioned, and at the same elevation above the Baraboo river. 
At a point two and one-half miles southwest of Ablemans there 
is local water-worn gravel, with which is mingled glacial ma- 
terial (pieces of porphyry and diabase) which could have 
reached this point only by being carried thither by floating ice 
from the glacier. The level of this mixed local and glacial ma- 
terial is (according to aneroid measurement) approximately the 
same as that of the other localities. 

When the ice melted, an outlet was opened via the Lower nar- 
rows, and the water of the lake drained off to the Wisconsin by 
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this route. Had the ice left no drift, the lake would have been 
promptly drained when the ice melted ; but the lake did not en- 
tirely disappear immediately after the ice retreated, for the drift 
which the ice left obstructed drainage to the east. The moraine, 
however, was not so high as the outlet of the lake while the ice 
was on, so that, as the ice retreated, the water flowed over the 
moraine to the east, and drew down the level of the lake to the 
level of the lowest point in the moraine. The postglacial cut 
through the moraine is about ninety feet deep. 

Besides being obstructed where crossed by the terminal mor- 
aine, the valley of the Baraboo was clogged to a less extent by 
drift deposits between the moraine and the Lower narrows. At 
^ne or two places near the City of Baraboo, such obstructions, 
now removed, appear to have existed. Just above the Lower 
narrows (c, Plate XXXVII) there is positive evidence that the 
Talley was choked with drift. Here in subsequent time, the river 
has cut through the drift-filling of the preglacial valley, devel- 
oping a passage about twenty rods wide and thirty-five feet deep. 
If this passage were filled with drift, reproducing the surface 
left by the ice, the broad valley above it would be flooded, pro- 
ducing a shallow lake. 

The retreat of the ice therefore left two well defined drift 
•dams in the valley, one low one just above the Lower narrows, 
and a higher one, the moraine dam, just west of Baraboo. Dis- 
regarding the influence of the ice, and considering the Baraboo 
Talley only, these two dams would have given rise to two lakes, 
the upper one behind the higher dam being deeper and broader, 
and covering a much larger area ; the lower one behind the lower 
dam, being both small and shallow. 

Up to the time that the ice retreated past the Lower narrows, 
the waters of the upper and lower lakes were imited, held up to 
A common level by the ice which blocked this pass. After the 
ice retreated past the Lower narrows, the level of the Baraboo 
lake did not sink promptly, for not until the ice had retreated 
past the site of the Wisconsin was the present drainage estab- 
lished. Meantime the waters of the Baraboo lake joined those 
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of Wifioonfiin lake (p. 129) through the Lower narrowB. If the 
lakes had been before connected at some point farther west, this 
connection through the narrows would not have changed the 
level of either. If they were not before connected, and if the 
Wisconsin lake was lower than the Baraboo, this connection 
would have drawn down the level of the latter. 

Since the drainage from the Baraboo went to the Wisconsin^ 
the Baraboo lake was not at first lowered below the level 
of the highest obstruction in the valley of the Wisconsin 
even after the ice had retreated beyond that stream. As the 
drift obstructions of the Wisconsin valley were lowered, the 
levels of all the lakes above were correspondingly brought 
down. When the level of the waters in these lakes was brought 
down to the level of the moraine dam above Baraboo, the one 
Baraboo lake of earlier times became two. The level of the 
upper of these two lakes was determined by the moraine above 
Baraboo, that of the lower by the highest obstruction below the 
moraine in either the Baraboo or Wisconsin valley. The drift 
obstructions in the Baraboo valley were probably removed about 
as fast as those in the Wisconsin, and since the obstructions were 
of drift, and the streams strong, the removal of the dams was 
probably rapid. Both the upper and lower Baraboo lakes, as 
well as the Wisconsin, had probably been reduced to small pro- 
portions, if not been completely drained, before the glacial 
period was at an end. 

Devil's lake in glacial times. — ^While the ice edge was sta- 
tionary in its position of maximum advance, its position on the 
north side of the main quartzite range was just north of Devil's 
lake (Plate XXXVII, p. 108). The high ridge of drift a few 
rods north of the shore is a, well defined moraine, and is here 
more clearly marked than farther east or west, because it stands 
between lower lands on either side, instead of being banked 
against the quartzite ridge. iNorth of the lake it rises about 7& 
feet above the water. When tbe ice edge lay in this position on 
the north side of the range, its front between the East bluff and 
the Devil's nose lay a half mile or so from the south end of the 
lake. In this position also there is a well defined moraine. 
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While the ice was at its maximum stand, it rose above these 
moraine ridges at either end of the lake. Between the ice at 
these two points there was then a notable basin, comparable to 
that of the present lake except that the barriers to the north and 
southeast were higher than now. The -melting of the ice sup- 
plied abimdant water, and the lake rose above its present level. 
The height which it attained is not known, but it is known to 
have risen at least 90 feet above its present level. This is in- 
dicated by the presence of a few drift bowlders on the West bluflF 
of the lake at this height. They represent the work of a berg 
or bergs which at some stage floated out into the lake with bowl- 
ders attached. Bowlders dropped by bergs might be dropped 
at any level lower than the highest stand of the lake. 

Other lakes. — Another glacial lake on the East quartzite bluff 
has already (p. 120) been referred to. Like the Devil's lake 
in glacial time, its basin was an enclosure between the ice on 
the one hand, and the quartzite ridge on the other. The location 
of this lake is shown on Plate XXXVII (s). Her© the edge 
of the ice, as shown by the position of the moraine, was affected 
by a re-entrant curve, the two ends of which rested against the 
quartzite ridge. Between the ice on the one hand and the 
quartzite ridge on the other, a small lake was formed. Its posi- 
tion is marked by a notable flat. 

With the exception of the north side, and a narrow opening 
at the northwest comer, the flat is surrounded by high lands. 
When the ice occupied the region, its edge held the position 
shown by the line marking the limit of its advance, and con- 
stituted an ice barrier to the north.^ The area of the flat was, 
therefore, almost shut in, the only outlet being a narrow one at 
tj Plate XXXVII. If the filling of stratified drift which under- 
lies the flat were removed, the bottom of the area would be 
much lower than at present, and much lower than the outlet at i. 
It is therefore evident that when the ice had taken its position 

*The moraine line on the map repreeents the crest of the marginal ridge rather 
than Its enter limit, which la ellghtly nearer the lake margin. Stratified drift 
of the nature of oyerwaah alio interyenee at points between the moraine and the 
lake border. 
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along the north side of the flat, an enclosed basin must have ez> 
istedy properly situated for receiving and holding water. Since 
this lake had but a short life and became extinct before the ioe 
retreated, its history is here given. 

At first the lake had no outlet and the water rose to the level 
of the lowest point (0 ^^ ^^^ ^^^ ^^ ^^ basin, and thence over* 
flowed to the west. Meanwhile the sediments borne in by the 
glacial drainage were being deposited in the lake in the form of 
a subaqueous overwash plain, the coarser parts being left near 
the shore, while the finer were carried further out. Continued 
drainage from the ice continued to bring sediment into the lake^ 
and the subaqueous overwash plain extended its delta-like front 
farther and farther into the lake, until its basin was completely 
filled. With the filling of the basin the lake became extinct- 
The later drainage from the ice followed the line of the outlet^ 
the level of which corresponds with the level of the filled lake 
basin. This little extinct lake is of interest as an example of a 
glacial lake which became extinct by having its basin filled dur* 
ing glacial times, by sediments washed out from the ice. 

iNear the northwest comer of this flat, an exposure in the sedi* 
ments of the old lake bed shows the curiously contorted layem 
of sand, silt, and clay represented in Plate XXXVIII (p. 120). 
The layers shown in the figure are but a few feet below the level 
of the flat which marks the site of the lake. It will be seen that 
the contorted layers are between two series of horizontal ones* 
The material throughout the section is made up of fine-grained 
sands and clays, well assorted. That these particular layers 
should have been so much disturbed, while those below and above 
remained horizontal, is strange enough. The grounding of an 
iceberg on the surface before the overlying layers were deposited^ 
the action of lake ice, or the effect of expansion and contractioB 
due to freezing and thawing, may have been responsible for the 
singular phenomenon. Contorted laminse are rather character- 
istic of the deposits of stratified drift 
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After the Ice Had Disappeared. 

Ab has already been indicated (p. 101), the irregular deposi- 
tion of glacial drift gave rise to many depressions without outr 
lets in which surface waters collected after the ice had disap- 
pearedy forming ponds or lal^es. So abimdant are lakes and 
ponds and marshes in recently glaciated regions and so rare else- 
where, that they constitute one of the more easily recognized 
characteristics of a glaciated region. 

After the ice had melted, the mantle of drift which it left was 
sometimes so disposed as to completely obliterate preglacial val- 
leys. More commonly it filled preglacial valleys at certain 
points only. In still other cases a valley was not filled com- 
pletely at any point, though partially at many. In this last 
case, the partial fillings at various points constituted dams above 
which drainage was ponded, making lakes. If the dams were 
not high enough to throw the drainage out of th€l valley, the 
lakes would have their outlets over them. The drift dam being 
imconsolidated would be quickly cut down by the out-flowing 
water, and the lake level lowered. When the dam was re- 
moved or cut to its base, the lake disappeared and drainage 
followed its preglacial course. 

In case the valley was completely filled, or completely filled 
at points, the case was very different. The drainage on the 
drift surface was established with reference to the topography 
which obtained when the ice departed, and not with reference 
to the preglacial valleys. Wherever the preglacial valleys were 
ooonpletely filled, the postglacial drainage followed lines which 
were altogether independent of them. When preglacial valleys 
were filled by the drift in spots only, the postglacial streams fol- 
lowed them where they were not filled, only to leave them where 
the blocking occurred. In the former case the present drainage 
is through valleys which are preglacial in some places, and post- 
glacial in others. 

Thus the drainage changes effected by the drift after the ice 
was gone, concerned both lakes and rivers. In this region there 
are several illustrations of these changes. 
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Lakes. — The lake bafiins of drift-covered regions are of vari* 
OUB types. Some of them are altogether in drift, some partly in 
drift and partly in rock, and some wholly in rock. Basins in 
the drift were likely to be developed whenever heavy deposits 
surrounded thin ones. They are especially common in the de- 
pressions of terminal moraines. 

Another class of lake basins occurs in valleys, the basins being 
partly rock and partly drift. If a thick deposit of drift be made 
at one point in a valley, while above there is little or none, the 
thick deposit will form a dam, above which waters may accumu* 
late, forming a pond or lake. Again, a ridge of drift may be 
deposited in the form of a curve with its ends against a rock- 
ridge, thus giving rise to a basin. 

In the course of time, the lakes and ponds in the depressions 
made or occasioned by the drift will be destroyed by drainage. 
Remembering how valleys develop (p. 46) it is readily under- 
stood that the heads of the valleys will sooner or later jSud the 
lakes, and drain them if their bottoms be not too low. 

Drainage is hostile to lakes in another way. Every stream 
which flows into a lake brings in more or less sediment. In the 
standing water this sediment is deposited, thus tending to fill 
the lake basin« Both by filling their basins and by lowering 
their outlets, rivers tend to the destruction of lakes, and given 
time enough, they will accomplish this result. In view of this 
double hostility of streams, it is not too much to say that "rivers 
are the mortal enemies of lakes." 

The destruction of lakes by streams is commonly a gradual 
process, and so it comes about that the abundance and the condi- 
tion of the undrained areas in a drift-covered region is in some 
sense an index of the length of time, reckoned in terms of ero- 
sion, which has elapsed since the drift was deposited. 

In this region there were few lakes which lasted long after 
the ice disappeared. The basins of the Baraboo and Wisconsin 
lakes (p. 129) were partly of ice, and so soon as the ice disap- 
peared^ the basins were so nearly destroyed, and the drift dams 
that remained so easily eroded, that the lakes had but a brief 
history^ — a history that was glacial, rather than postglacial. 



' . . 
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The history of the little lake on the East quartzite bluflF (p. 
133) as already pointed out, came to an end While the ice was 
still present. 

The beds of at least two other extinct ponds or small lakes 
above the level of the Baraboo are known. These are at v and 
Wj Plate XXXVII. They owed their origin to depressions in the 
drift, but the outflowing waters have lowered their outlets suffi- 
«ciently to bring them to the condition of marshes. Both were 
small in area and neither was deep. 

Existing lakes. — Relatively few lakes now remain in this im- 
mediate region, though they are common in most of the country 
<50vered by the ice sheet which overspread this region. Devil's 
lake only is well known. The lake which stood in this position 
while the ice was on, has already been referred to (p. 132). 
After the ice had melted away, the drift which it had deposited 
still left an enclosure suitable for holding water. The history 
of this basin calls for special mention. 

At the north end of the lake, and again in the capacious val- 
ley leading east from its south end, there are massive terminal 
moraines. Followed southward, this valley though blocked by 
the moraine a half mile below the lake, leads ofF towards the 
Wisconsin river, and is probably the course of a large preglaoial 
-stream. Beyond the moraine, this valley is occupied by a small 
tributary to the Wisconsin which heads at the moraine. To the 
north of the lake, the head of a tributary of the Baraboo comes 
within eighty rods of the lake, but again the terminal moraine 
Intervenes. From data derived from wells it is known that the 
drift both at the north and south ends of the lake extends many 
feet below the level of its water, and at the north end, the base 
of the drift is known to be at least fifty feet below the level of 
the bottom of the lake. The draining of Devil's lake to the 
Baraboo river is therefore prevented only by the drift dam at 
its northern end. It is nearly certain also, that, were the mor- 
aine dam at the south end of the lake removed, all the water 
would flow out to the Wisconsin, though the data for the demon- 
stration of this conclusion are not to be had, as already stated 
p. 132). 
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There can be no doubt that the gorge between the East and 
West bluffs was originally the work of a pre-Cambrian stream, 
though the depth of the pre-Cambrian valley may not have been 
so great as that of the present Later^ the valley, so far as then 
excavated, was filled with the Cambrian (Potsdam) sandstone, 
and re-excavated in post-Cambrian and preglaoial time. Devil'& 
lake then occupies an unfilled portion of an old river valley, iso- 
lated by great morainic dams from its surface continuations on 
either hand. Between the dams, water has accumulated and 
formed the lake. 

Changes in Streams. 

In almost every region covered by the ice, the streams which 
established themselves after its departure follow more or lesa 
anomalous courses. This region is no exception. lUustrationa- 
of changes which the deposition of the drift effected have already 
been given in one connection or another in this report 

ShUlett creek. — ^An illustration of the sort of change which 
drift effects is furnished by Skillett creek, a small stream trib- 
utary to the Baraboo, southwest of the city of that name. For 
some distance from its head {a to b. Fig. 43) its course is 
through a capacious preglacial valley. The lower part of this- 
valley was filled with the water-laid drift of the overwash plain. 
On reaching the overwash plain the creek therefore shifted its- 
course so as to follow the border of that plain, and along this 
route, irrespective of material, it has cut a new channel to the 
Baraboo. The postglacial portion of the valley (b to c) is every- 
where narrow, and especially so where cut in sandstone. 

The course and relations of this stream suggest the following 
explanation : Before the ice came into the region, Skillett creek 
probably flowed in a general northeasterly direction to the Bar- 
aboo, through a valley comparable in size to the preglacial part 
of the present valley. As the ice advanced, the lower part of 
this valley was occupied by it, and the creek was compelled to 
seek a new course. The only course open to it was to the north, 
just west of the advancing ice, and, shifting westward as fast ub^ 
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the ice advanced^ it abandoned altogether its former lower course. 
Drainage from the ice then carried out and deposited beyond the 
same, great quantities of gravel and sand, making the overwash 
plain. This forced the stream still farther west^ until it finally 
reached its present position across a sandstone ridge or plain, 
much higher than its former course. Into this sandstone it haa 
since cut a notable gorge, a good illustration of a postglacial val- 
ley. The series of changes shown by this creek is illustrative 
of the changes imdergone by streams in similar situations and 
relations all along the margin of the ice. 
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Fxo. 48. — Sklllett Creek, Illustrating the polnU mentioned In the text. 



The picturesque glens (Parfrey's and Dorward^s) on the south 
face of the East bluff are the work of post-glacial streams. The 
preglacial valleys of this slope were obliterated by being filled 
during the glacial epoch. 

The Wisconsin. — The preglacial course of the Wisconsin river 
18 not known in detail, but it was certainly different from the 
course which the stream now follows. On Plate I (p. 4) th^ 
relations of the present stream to the moraine (and former ioe- 
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£ront) may be seen.^ As the ice approached it from the east, 
the preglacial yallej within the area here under consideration 
was a£Feeted first by the overwash from the moraine, and later 
by the ice itself, from the latitude of Kilboum City to Prairie 
du Sac 

It has already been stated that the ice probably dammed the 
river, and that a lake was formed above Kilboum City, reaching 
east to the ice and west over the lowland tributary to the river, 
the water rising till it found an outlet, perhaps down to the 
Black river valley. 

When the ice retreated, the old valley had been partly filled, 
and the lowest line of drainage did not everywhere correspond 
with it Where the stream follows its old course, it flowa 
through a wide capacious valley, but where it was displaced, it 
found a new course on the broad flat which bordered its pre- 
glacial course. Displacement of the stream occurred in the 
vicinity of Kilboum City, and, forced to find a new line of flow 
west of its former course, the stream has cut a new channel in 
the sandstone. To this displacement of the river, and its suly- 
sequent cutting, we are indebted for the far-famed Dalles of the 
Wisconsin (p. 69). But not all the present route of the river 
through the dalles has been followed throughout the entire poet- 
glacial history of the stream. In Fig. 44, the depression a^ b, 
c, wa3 formerly the course of the stream. The present course 
between d and b is therefore the youngest portion of the valley, 
and from its lesser width is known as the '^narrows." During 
high water in the spring, the river still sends part of its waters 
southward by the older and longer route. 

The preglacial course of the Wisconsin south of the dalles has 
never been determined with certainty, but rational conjectures 
as to its position have been made. 

The great gap in the main quartzite range, a part of which is 
occupied by Devil's lake, was a narrows in a preglacial valley. 
The only streams in the region sufficiently large to be thought of 

^The preglacial coane was probably eaat of the pretent in the Tlelaltj o( 
Kilboum City. j 
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as competent to prodnce such a gorge are the Baraboo and the 
Wisconsin. If the Baraboo was the stream which flowed 
through this gorge in preglaci&l time, the comparable narrows 
in the north quartzite range — the Lower narrows of the Barar 
boo — is to be accounted for. The stream which occupied one of 
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Pto. *4.— TIM WiKOBiln TBile; near Kllbonm City. 

these gorges probably occupied the other, for they are in every 
way comparable except in that one has been modified by glacial 
action, while the other has not. 

The Baraboo river flows through a gorge — ^the Upper nar- 
rows — in the north quartzite range at Ablemaua, nine miles west 
of Baraboo. This gorge is much narrower than either the 
Lower narrows or the Devil's lake go^e, snggeeting the wtvk 
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of a lesser stream. It seems on the whole probable, as suggested 
by Irving/ that in preglacial time the Wisconsin river flowed 
south through what is now the Lower narrows of the BaraboO| 
thence through the Devil's lake gorge to its present valley to the 
south. If this be true, the Baraboo must at that time have joined 
this larger stream at some point east of the city of the same 
name. 

The Driftleas Area. 

Kef erence has already been made to the fact that the western 
part of the area here described is drif tless, and the line marking 
the limit of ice advance has been defined. Beyond this line, 
gravel and sand, carried beyond the ice by water, extends some 
distance to the west. But a large area in the southwestern part 
of the state is essentially free from drift, though it is crossed 
by two belts of valley drift (valley trains) along the Wisconsin 
and Mississippi rivers. 

The '^driftless area" includes, besides the southwestern por* 
tion of Wisconsin, the adjoining comers of Minnesota, Iowa 
and Illinois. In the earlier epochs of the glacial period thia 
area was completely surrounded by the ice, but in the last or 
Wisconsin epoch it was not surrounded, since the lobes did not 
come together south of it as in earlier times. (Compare Plate 
XXXIII, p. 78 and Fig. 36.) 

Various suggestions have been made in the attempt to explain 
the driftless area. The following is perhaps the most satisfac- 
tory:^ 

The highlands of the northern part of the state, together with 
the adjacent highlands of the upper peninsula of Michigan, are 
bordered on the north by the capacious valley of Lake Superior 
leading off to the west, while to the east lies the valley of Lake 
Michigan leading to the south. These lake valleys were pre- 
sumably not so broad and deep in preglacial times as now, though 
perhaps even then considerable valleys. 

> Irving. Geology of Wisconsin, Vol. IL 

'Chambernn and Inrlng. Geology of Wisconsin, Vols. I and 11. 
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When the ice sheet, moving in a general southward direction 
from the Canadian territory, reached these valleys, they led off 
two great tongues or lobes of ice, the one to the south through 
the Lake Michigan depression, the other to the south of west 
through the Lake Superior trough. (Fig. 36.) The highland 
between the lake valleys conspired with the valleys to the same 
end. It acted as a wedge, diverting the ice to either side. It 
offered such resistance to the ice, that the thin and relatively 
feeble sheet which succeeded in surmounting it, did not advance 
far to the south before it was exhausted. On the other hand, 
the ice following the valleys of Lakes Superior and Michigan 
respectively, failed to come together south of the highland until 
the latitude of northern Iowa and Illinois was reached. The 
driftless area therefore lies south of the highlands, beyond the 
limit of the ice which surmounted it, and between the Superior 
and Michigan glacial lobes above their point of imiom The 
great depressions, together with the intervening highland, are 
therefore believed to be responsible for the absence of glacia- 
tion in the driftless area. 

Contrast Between Glaciated and Unglaciated Areas. 

The glaciated and unglaciated areas differ notably in 1) 
topography, 2) drainage, and 3) mantle rock. 

1. Topography. — The driftless area has long been exposed 
to the processes of degradation. It has been cut into valleys 
and ridges by streams, and the ridges have been dissected into 
hills. The characteristic features of a topography fashioned 
hy running water are such as to mark it clearly from surfaces 
fashioned by other agencies. Rivers end at the sea (or in 
lakes). Generally speaking, every point at the bottom of a 
river valley is higher than any other point in the bottom of the 
same valley nearer the sea, and lower than any other point cor- 
respondingly situated farther from the sea. This follows from 
the fact that rivers make their own valleys for the most part, 
and a river's course is necessarily downward. In a region of 
erosion topography therefore, tributary valleys lead down to 
their mains, secondary tributaries lead down to the first, and 
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BO on ; or, to state the same thing in reverse order, in every re* 
gion where the surface configuration has been determined by 
rain and river erosion, every gully and every ravine descends 
to a valley. The smaller valleys descend to larger and lower 
ones, which in turn lead to those still larger and lower. The 
lowest valley of a system ends at the sea, so that the valley which 
joins the sea is the last member of the series of erosion channels 
of which the ravines and gullies are the first It will thus 
be seen that all depressions in the surface, worn by rivers, lead 
to lower ones. The surface of a region sculptured by rivers is 
therefore marked by valleys, with intervening ridges and hills, 
the slopes of which descend to them. All topographic features 
are here determined by the water courses. 




Fio. 45. — ^Drainage/ In the drlftless area. The absence of ponda and manhi 

la to be noted. 



The relief features of the ^aciated area, on the other hand, 
lack the systematic arrangement of those of the imglaciated ter- 
ritory, and stream valleys are not the controlling elements in 
the topography. 

2. Drainage. — The surface of the driftlees area is well 
drained. Ponds and lakes are essentially absent, except where 
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streams have been obstructed by human agency. The drainage 
of the drift-covered area, on the other hand, is usually imper- 
fect. Marshes, ponds and lakes are of common occurrence. These 
types axe shown by the accompanying maps, Figs. 45 and 46, 
the one from the drif tless area, the other from the drift-covered. 







Pio. 46. — Drainage In a glaciated region. Walworth and Waukesha coontlea,. 
Wisconsin, showing abundance of marshes and lakes. 

3. Mantle rock, — The unglaciated surface is overspread to 
an average depth of several feet by a mantle of soil and earth 
which has resulted from the decomposition of the underlying 
rock. This earthy material sometimes contains fragments and 
even large masses of rock like that beneath. These fragments 
and masses escaped disintegration because of their greater re- 
sistance while the surrounding rock was destroyed. This mantle 
rock grades from fine material at the surface down through 
coarser, until the solid rock is reached, the upper surface of the 

rock being often ill-defined (Fig. 47). The thickness of the- 
10 



146 GEOGRAPHY OF THE DEYIV8 LAKE REGION. 

mantle is approximately constant in like topographic situations 
where the imderlying rock is uniform. 

The residual soils are made up chiefly of the insoluble parts 
of the rock from which they are derived, the soluble parts having 
been removed in the process of disintegration. 




Fio. 47. — Section In a drift less area, showing relation of the mantle rock to 

the solid rock beneath. 

With these residuary soils of the driftless area, the mantle 
rock of glaciated tracts is in sharp contrast. Here, as already 
pointed out, the material is diverse, having come from various 
formations and from widely separated sources. It contains the 
soluble as well as the insoluble parts of the rock from which it 
was derived. In it there is no suggestion of uniformity in thick- 
ness, no regular gradation from fine to coarse from the surface 
downward. The average thickness of the drift is also much 
greater than that of the residual earths. Further, the contact 
between the drift and the underlying rock surface is usually a 
definite surface. (Compare Figs. 32 and 47.) 

POSTGLACIAL CHANGES. 

Since the ice melted from the region, the changes in its geog- 
raphy have been slight. Small lakes and ponds have been 
drained, the streams whose valleys had been partly filled, have 
been re-excavating them, and erosion has been going on at all 
points in the slow way in which it normally proceeds. The 
most striking example of postglacial erosion is the dalles of the 
Wisconsin, and even this is but a small gorge for so large a 
stream. The slight amount of erosion which has been accom- 
plished since the drift was deposited, indicates that the last re- 
treat of the ice, measured in terms of geology and geography, 
was very recent. It has been estimated at 7,000 to 10,000 years, 
though too great confidence is not to be placed in this, or any 
other numerical estimate of post-glacial time. 



INDEX. 



AblemanB 

Baraboo Lake 

Baraboo Quartzite rangen 

Constitution of 

Dynamic action in , 

Gaps in — 

Devil*s Lake Gap 
Lower Narrow* 
Narrows Creek . 
Upper Narrows 

Igneous rock in 

Structure of 

Topography of 
Base-level 
Base-level plains 
Bowlder clay 
Breccia . , 

Caetle Bock 
Cleopatra's Needle 
Cold Water Canyon 
Conglomerate 

Basal (Potsdam) 
Corrasion 

Cross-bedding 
Cycle of erosion 
Dalles of the Wisconsin 

Origin of 

Scenery of . 
Dell Creek 
Deltas 
Deposits — 

By extrarglacial waters 

By ice 

By rivers 

By subglacial streams 

Of drift classified . 



PAoas 
66, 67 

130 

2, 66 
14 

15, 17, 18 

3, 13 
5, 13, 67 

66 

5, 10. 17, 19, 67 

18 

15 

5, 13 

47 

50 

97 

18 

71 

66 

70 

10, 28 

29 

36 

30 

44, 47 

69 

53 

69, 140 

53 

30, 56, 120 

116-123 

85, 94 

55, 56 

184 

127 



148 



INDEZ. 









PAOBS 


Devira Doorway ...... 65 


Devil's Lake .... 






132 


History of . 






132 


In glacial times 


.. 




132 


Location .... 






3, 9 


Origin of . 






132 


Devil's Nose .... 






5, 110 


Divides, Shifting of . 






44 


Dorward's Glen .... 




1( 


), 14, 29, 68 


Drift ...... 






73 


Characteristics of . 






96 


Constitution of . 






94 


Deposits classified .... 






127 


Effect on topography 






. 85, 88 


Relation of stratified to unstratified 






125 


Stratified ..... 






111 


Topography of ... 






101, 103 


Driftless area ..... 






79. 142 


Drainage — 








Adjustment of ... . 






62 


Changes in, effected by the ice . 






128, 142 


Establishment of . 






61 


Glacial . . 






113 


Of drift-covered area 






144 


Of driftless area .... 






144 


Postglacial changes in . 






146 


Eodmorilne ..... 






108 


Erosion — 








By rain and rivers, general outline of 






36-58 


Elements of . 






36 


Of folded strata .... 






50 


Of rocks of unequal hardness 






47 


Of the quartzite .... 






25 


Preglacial ..... 






60 


Topography .... 






12 


Without valleys .... 






37 


Eskers ...... 






124 


Falls ...... 






48 


Fossils — 








In limestone .... 






12 


In sandstone .... 






9. 11 


Friendship mounds .... 






71 


Geographic features, general . 


• 


• 


3-20 



INDBZ. 



149 













PAOBS 


Glacial drainage . . . . . 113 


Glaciated area . 


. • 


• 


. 


. 78, 91, 143 


Glacier ice — 










Deposition bj 








85 


Direction of movement of 








88 


Erosive virork of 








79-84 


Formation of 








74 


Movement of, affected by 


topography . 






89 


Glens 








68 


Green Bay lobe . 








91 


Gibraltar rock . 








63 


Ground Moraine — 










Constitution of 








99 


Location of . 








97 


Topography of 








101 


Groundvirater level 








41 


Ice sheets — 










Formation of 








74 


History of . 








114 


Movement of 








75, 88 


North American ice sheet . 








78 


Igneous rock 








18 


Intermittent streams . 








42 


Eames .... 








115 


Lakes — 










Wisconsin Lake 








129 


Baraboo Lake 








130 


Devil's Lake . 






3. 9, 132, 137 


Limestone, see Lower Magfnesian. 


Lower Magnesian limestone — 


Fossils of ...... . 12 


History of . 




. . 






31-32 


Occurrence of 










11 


Origin of 










11 


Position of . 










12 


Structure of 










8 


Lower Narrows . 










5, 13. 67 


Mantle rock 










20, 144 


Metamorphism . 










14, 24 


Monadnocks 










51 


Moraines (see terminal moraine and ground moraine). 


Morainic aprons . 


1 . 


• • 


• 


• 


119 



150 



nUDBZ. 









PAGES 


Narrows . 




49 


In quartzite 






66, 67 


Natural bridge . 






ei^ 


Navy Yard 






69 


Niagara limestone 




• • •' • 


33 


North American ice sheet 




78 


Ntinatak . 


• 




8» 


Osars (see Eskers). 








Outwash plains . 






118, 120 


Overwash plains 






118, 12a 


Parfrey's Glen . 




K 


[), 14, 29, 68 


Peneplain 






47, 50- 


Pewit's Nest 






. 9, 53, 69 


Pine Hollow 






6» 


Postglacial changes 






146 


Potsdam standstone — 








Fossils of 






9, 11 


History of . 




• 


27-31 


Origin of 






9-11 


Relation to quartzite 




19 


Structure of 


• a 




8 


Quartzite (eee also Baraboo quartzite ranges) — 




Dynamic Metamorphism of . . . 


24 


Erosion of . 


• • • • • 1 


25 


Origin of 




» • • • • 4 


23 


Submergence of 




1 • • • « 


27 


Thickness of 




• • • « 


26 


Uplift of 




• • • « 


24 


Rapids 




1 • • • « 


48 


Rejuvenation of streams 


• • • « 


56 


Ripple marks 


• • 


• • • « 


9. 15 


Roches mountonn^ 


• • 


• • • « 


81 


Sandstone (see Potsdam and £ 


\t, Peters). 




Sauk Prairie 


• • 


] 


117, 118, 119 


Skillett Creek . 


• • 


• • • a 


, 8, 53, 138 


Slope of upper surface of ice , 


• • • a 


111 


Snow fields 




• • • • 


74 


Soil 




• • • • 


7, 144, 146 


Stand rock 




• • • • 


70 


Steamboat rock . 




• • • i 


70 


St. Peter's sandstone 




• • • . 


32 


Stratified drift . 




• • • a 


111-112, 125 


Streams, changes in 




• • • a 


138 



INDBX. 



161 









PA0B8 


Subaqueous overwash plains . 






120 


Subglacial till (g^und moraines) 






99 


Sugar Bowl . . . . . 






70 


Talus slopes . . . . . 






65 


Terminal moraines — 








Across the United States . 






78 


Development of . 






102 


In Devil's Lake region 






105 


Boundaries of . 






106 


Location of . 






. 92, 93, 108 


On the main quartzite range . 






107 


Width of ... . 






106 


Topography of ... . 






103 


Till 






97 


Topography — 








Effect of, on ice movement 






89 


Erosion topography 






12 


Of drift-covered country . 






8, 143 


Of driftless area . . . . 




( 


), 7, 12, 143 


Of plain surrounding quartzite ridge 






6 


Of quartzite ridges . 






5 


Transportation by streams 






53 


Tributary valleys . . . . 






39 


Turk's Head . . . . . 






65 


Unconformity . . . . . 






19 


Underground water . . . . 






58 


Unglaciated areas . . . . 






.79, 142, 143 


Unstratified drift . . . . 






.99, 102, 125 


Upper Narrows . . . . . 




. 5, 10. 17, 19, 67 


Valley, the — 






Beginning of ... , 




37 


Characteristics of, at various stages 






52-54 


Course of . 






39 


How a valley gets a stream 






40 


Limits of . 






43 


Valley trains . . . . . 






116 


Waterfalls . , . . . 






48 


Weathering . . . . . 






36 


Webster's Prairie . . . . 






119 


Wisconsin Lake .... 






129 


Wisconsin River . . . . , 




139 


Witch's Gulch . . . . . 




> a 


70 



tWiscoNsix Geoudgicu. and Natural Historv Sukvev. 



PRELIMINARY REPORT 



:OPPER-BEARINO ROCKS 



Las county, wiscunskn. 



ULYSSBS SHSRMAN GRANT, Pli U, 

¥^fti3or fa ttisrtfivfrtirm Unlotnily. 



MADISON, WIS- 

Vottuaxa tv rui Stkt%. 

1500, 



'latdcondin OcolOiitcal and Natural 1)idtorv> Survc)?. 



BOARD OF COMMISSIONCRS. 

Edward ScoriELD, 

(To\uraoruf tiit- State. 

L. V, H\uvcv, 

Stall* SuiM.'riiit(>ii«l«*iit of Public Iii.-tructiou 

rilARLCM K. ADAM4, PlV^i<Il*Ut, 

Pn^xideut of Iho Uuivcr»ity of W'i.-<coDMii. 

Kdwin K. HkiANT. Vice-Priti>i(Ient. 

Pn*--i«leiit of tho Coiiiiiii>«siout»r.-' of Fi.«'lu*rie'«. 

C11AKLE.M S. Sliciiteb, Sfcrotiiry, 

Pivsidoiit of tin* \Vi«icoiislii Acu'lerny of Scii'iicos, Arts, (luil 

L»'tt<T!5. 



£. A. HiuuE. Director of tlu* Sarvoy. 
('. K. Van IIi-sl, ronsultini; (u'olof^iiit. 

E. K. IkcKLCY, A>j-i.stfint lieolofc'itft, 

lu cliiin^o of Kcoiiumic (Mjolot^y. 

S. \Yeidm\n, A^.^i.-.taIlt (icoluciftt. 

Ill cli.ir^'c. of (ii*olo^y of \Vau^uu District. 

L. S. Smith, iu ch.irin.' of llydroifraphy. 

S. V. Peitkl. C.'houii^t. 

F. U, Dlnmstun. Arti-t. 



Wisconsin Geological and Natural History Survey. 

S. A. BIBOE, Director. O. R. TAN HISK» Conaaltlnir Oeolo^t. 

BULLETIN NO. VL ECONOMIC SERIES NO. 3. 



PRELIMINARY REPORT 



ON THB 



COPPER-BEARING ROCKS 



OF 



DOUGLAS COUNTY, WISCONSIN. 



BY 



ULYSSES SHERMAN GRANT, Ph. D., 
Professor in North'westem University* 



MADISON, WIS. 

PUBUSHSD BY THE STATE. 
1900. 



Vlfdcondin Oeolodical anD lUtutal Dfaton^ Sutvei;. 



BOARD OF COMMI88IONCR8. 

Sdwabd Soofield, 

QoTemor of the State. 

It. D. Habtbt, 

State Saperlntendent of Pablio Instraetion. 

Chablbs K. Adams, President, 

President of the UniTersity of Wisconsin. 

Sdwiw E. Bbtaxt, Vice-President, 

President of the Ckimmissioners of Fisheries. 

Chableb S. Sliohtbb, Secretary. 

President of the Wisconsin Academy of Sciences, Arts, and 
Letters. 



E. A. BiBOB, Director of the Surrey. 
C. R. Van Hisb, Consulting Geologist. 

E. R. BT7CKLBT. Assistant Qeologist. 

In charge of Economic Geology. 

S. Weidmav, Assistant Geologist. 

In charge of Geology of Wansan District. 

L. S. Skith, in charge of Hydrography. 

S. V. Pbppel, Chemist. 

F. B. Dbxioston, Artist. 



TABLE OF CONTENTS. 



PAGS. 

IrYTItODUCnON 1 

Acknowledgments 3 

Chapter I. Geology of Douglas Coui^ty 5-24 

Previous descriptions 5 

Surface features 6 

Sketch of the different formations 8 

The Lower Keweenawan 9 

Sedimentary rocks 9 

Igneous rocks 10 

Basic lava flows 11 

Dip and strike 12 

Separation of the different flows 12 

The Upper Keweenawan 15 

The Lake Superior sandstone 17 

Junction of the Lake Superior sandstone with the traps. ... 17 

Effects on the traps 18 

ESCtects on the sandstone 19 

Black River contact 19 

Copper Creek contact 19 

Aminicon River contact 19 

Middle River contact 20 

The later formations 20 

Geological structure 21 

Joints 21 

Geological history 22 

Geological maps 23 

Chaptes n. The St. Cboiz Copper Range 26-80 

Special Descriptions 26 

T. 46 N., R. 11 W 26 

T. 45 N., R. 12 W. 26 

T. 45 N.. R. 18 W. 26 



iT TABLE OF CONTENTS. 

Chapteb II. The St. Cboix Coppeb Range — Continued. page. 
Special Deacriptions: 

T. 44 N., R. 13 W 27 

Mooee river 2T 

Crotty brook 28 

T. 43 N., R. 13 W 28 

Crotty brook 28 

T. 44 N., R. 14 W 29 

T. iZ N., R. 14 W 29 

T. 48 N., R. 15 W 30 

T. 42 N., R. 15 W 80 

Chapteb III. The Douglas Coppeb Range 31-42 

Special Descriptions 32 

The Culligan location 32 

The Copper Creek location 84 

The Fond du Lac location 86 

The Catlin location 38 

The Starkweather location 38 

The Aminicon location 89 

The North Wisconsin location 40 

The Astor location 40 

The Percival location 41 

Chapteb IV. The Coppeb Deposfts 43-54 

Mode of occurrence 43 

"Where to search for copper 45 

Value of the copper deposits 49 

Analyses 52 



ILLUSTRATIONS. 



Plate Facing Page 

I. Geological map of Douglas counfjr 5 

II. Black Riyer falls 8 

III. Upper surface of lava flow 16 

IV. Valley between two lava flows 17 

V. Fault breccia in the traps 18 

VI. Tifted strata of Lake Superior sandstone 20 

VII. Geological map of part of the St Croix copper range .... 25 

VIII. Geological map of the western part of the Douglas copper 

range 31 

IX. Geological map of the eastern part of the Douglas copper 

range 31 

X. Trenching at the Fond da Lac location 3G 

XI. The North Wisconsin location 40 



THE COPPER-BEARING ROCKS OF DOUGLAS 

COUNTY, WISCONSIN. 



INTRODUCTION. 



The field examinations which form the basis for this report 
were made during the summer of 1899. In considering the time 
available in one season it became apparent that a detailed exam- 
ination of all the rocks in northern Wisconsin, in which copper 
might occur, was out of the question. Moreover, we already 
have a fairly good knowledge of the general geology of this part 
of the state. It therefore seemed advisable to concentrate the 
work in certain districts, as a careful study of certain important 
areas was more likely to produce results of value than the super- 
ficial examination of a large area. At the same time it was ex- 
pected that the future would permit a careful examination of 
other districts in the state underlain by the copper-bearing rocks* 
With these points in mind the work of this season was concen- 
trated first on the rocks which lie along, but north of, the St. 
Croix river in the southwestern part of Douglas county, and 
second, on those which form the first hill ranges south of lake 
Superior in the northern part of the county, and in which ex- 
plorations for copper are being actively prosecuted. The dis- 
trict first mentioned, — i. e., the southwestern, or what is called in 
this report the St Croix copper rangCy — presented, in its geolog- 
ical structure, a more simple problem than the northern, or the 
Douglas copper range, and was accordingly examined first.* 



*The northern range has been known as "the South range" and as "the Dong- 
las County range/* while the southern has recelyed no name, or has been in>- 
eluded with the northern. The two ranges, while alike geologically, are distinct 
geographically, being separated by a belt of country seyeral miles in width Id 
which there are practically no rock exposures, and it is expedient to haye ft 
distinct name for each. The writer understands that the names used aboye,^ 
Douglas range and St. Croix range,--are coming into use among those interested 
in the exploration for copper in northern Wisconsin, and these names haye been 
adopted In this report. 
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This examination was made between the 17th of May and the 
20th of June. The remainder of the season, until the last of 
August, was spent on the northern district. But during this 
time a visit was made, for the purpose of comparative study, to 
the copper-mining region of Keweenaw point. 

The method followed in the season's field work was to visit all 
parts of the two areas above mentioned which were known to 
have rock outcrops, or in which outcrops might be reasonably 
expected. In such parts north and south traverses were made 
at intervals of one-half mile, or more frequently when occasion 
demanded. Thus, in the region where outcrops occur fre- 
quently, the north and south section lines, the north and south 
quarter section lines and some of the east and west section lines 
were followed. The larger streams, and in fact all the streams 
which might be expected to cut down to the bed rock, were also 
followed. The outcrops seen were located carefully by pacing, 
and the position of each was indicated as so many paces north 
and so many paces west of the southeast comer of the given 
section. In this manner of locating 2,000 paces equals one 
mile. Rock samples were taken from most of these outcrops. 
In all about 775 rock numbers and a considerably greater num- 
ber of specimens were collected. 

Because of the active interest which is being manifested in 
the copper deposits of northern Wisconsin, it was deemed best 
to publish a report on the district without unnecessary delay. 
Accordingly this report is presented with the hope that it will 
be of service to those who are at present engaged in exploration 
for copper, or who are interested in the material development 
of this part of the state. It should be borne in mind, however, 
that this report was written before it was possible to make a care- 
ful study of the whole district underlain by the copper-bearing 
rocks, and even before it was possible to make an exhaustive 
study of the facts and specimens collected in those areas in which 
the work was concentrated. Thus this report is necessarily of 
the nature of a preliminary rather than of a final report. , At 
the same time it should be stated that the essential facts concern- 
ing the geological structure of the areas examined, the geograph* 
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ical distribution of the different rocks^ the manner of occurrence 
'Of the copper deposits^ and the general distribution of these de- 
posits have been determined bj the work already done. It is 
accordingly expected that the facts here presented are correct 
■and that future work will tend to confirm rather than to alter 
them. 

It is manifestly impracticable for parties of the Wisconsin 
Survey to discover every outcrop of the copper-bearing rocks in 
the state, especially when these outcrops are of small extent, are 
far removed from each other and are accessible with difficulty. 
It is therefore requested that individuals, who know of solid 
ledges of rock anywhere in the northern part of the state, com- 
municate with the Survey, giving as nearly as possible the exact 
location of these ledges. If convenient, small samples illustrat- 
ing the rocks should be sent. 

Acknowledgements. In the field work the writer was assisted 
by Dr. C. P. Berkey, Instructor in Mineralogy in the Univer- 
sity of Minnesota, who had previously had experience in study- 
ing the copper-bearing rocks in the district of Taylors Falls and 
St. Croix Falls on the St. Croix river. It was exceedingly 
fortunate that Dr. Berkey's services were available in this work, 
l)oth on account of his knowledge of the copper-bearing rocks and 
-also because it made it possible to discuss and investigate jointly 
in the field certain important problems. Mr. Charles Cole, of 
South Range, and Mr. A. L. Hinman, of Downing, and in the 
latter part of the season Mr. R. B. McLean, of Superior, acted 
as compassmen and located all the outcrops seen. Their knowl- 
edge of woodcraft and their acquaintance with the county ex- 
amined aided materially in the season's field work. To the Di- 
rector of the Survey, Prof. E. A. Birge, and to the Consulting 
•Geologist, Prof. C. R. Van Hise, and to Mr. C. K. Leith the 
writer's thanks are especially due for a large nimiber of courte- 
sies. The work was undertaken and carried on under the di- 
rection of Prof. Van Hise, who spent several days in the field 
reviewing important points and who was especially helpful in 
j3uggestion and advice regarding the work. The analyses were 
:made by Dr. W. W. Daniells, Professor of Chemistry in the TJni- 
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versity of Wisoonsm* One fact became particularly apparent 
during the season spent in this examination ; it was the universal 
and cordial interest shown in the work of the Survey by the 
people of Douglas county. Their willingness to cooperate in 
whatever manner possible was very marked. Among these peo- 
ple was Mr. Ernest A. Arnold, of West Superior, who genera 
ously placed his knowledge of the county and a considerable part 
of his time at the disposal of the Survey. 
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CHAPTER L 

GEOLOGY OF DOUGLAS COUNTY. 

Douglas county is the northwestern county of Wisconsin. It 
is bounded on the north by St. Louis county, Minnesota, and by 
lake Superior ; on the east by Bayfield county, Wisconsin ; on 
the south by Burnett county, Wisconsin; and on the west by 
Pine and Carlton counties, Minnesota. Douglas county com- 
prises all those parts of townships 43 to 49, Ranges 10 to 15, 
which lie in Wisconsin. The total area of the county is 1336 
square miles. 

PBEVIOUS DESCBIPTIONS. 

The following are the more important papers which refer to 
the copper-bearing rocks in this county : 

T. C. Chamberlin. "General Gteolog/' ; Geol. of Wis., vol. I, 
pp. 96-118, 1883. "Economic Geology" ; Ibid., pp. 656-661. 

R D. Irving. "General Geology of the Lake Superior Reg- 
ion" ; Geol. of Wis., vol. Ill, pp. 7-15, 1880. "The Copper- 
Bearing Bocks of Lake Superior" ; U. S. Geol. Survey, Mono- 
graph v., pp. 234-259, 1883. 

Moses Strong. "Geology of the Upper St. Croix District" 
(edited by T. C. Chamberlin) ; Geol. of Wis., vol. Ill, pp. 363- 
428, 1880. 

E. T. Sweet. "Geology of the Western Lake Superior Dis- 
trict"; Geol. of Wis., vol. Ill, pp. 303-362, 1880. 

The report by Strong deals especially with the St. Croix 
range ; that by Sweet with the Douglas range and gives an 
account of the earlier explorations for this metal. These re- 
ports are out of print. Both ranges are discussed by Irving in 
^*The Copper-Bearing Eocks of Lake Superior." ^ 

^Thls book contains the best and most complete account yet published of the 
copper-bearing rocks in the Lake Superior district and will prore of yalue to 
any one Interested in the geology of these rocks. It can be procured from the 
Director of the U. 8. Geological Surrey, Wasliington, D. C. The price is I1.S5. 
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SUBFACE FEATURES. 

The surface of Douglas county, considered broadly, is com- 
paratively level ; there are no districts which approach the moun- 
tainous, nor are there certain parts which are elevated many 
hundreds of feet above other parts. When examined in detail^ 
however, this surface presents some marked features and can 
readily be divided into several distinct zones, each of which is 
characterized by certain peculiarities of topography. It may 
be stated that these different topographic zones correspond, in 
general, to the belts of rock which underlie the glacial deposits. 
There are five of these topographical zones. They are described 
below, beginning at the north. 

I. That part of the county which borders on lake Superior is 
a plain. This plain is from five to twelve miles in width and 
extends from the lake shore southward to the northern edge of 
the hills which form the Douglas range. The plain slopes 
gently toward the north, and, while this slope is sufficient for 
drainage, to the eye the ground frequently appears perfectly 
level. At the town of South Eange, about six miles from lake 
Superior, the plain is 164 feet above the lake level, and a mile 
farther south it ends abruptly against the northern flank of the 
Douglas range. This topographic district is underlain by till 
and by water-deposited clays which were laid down when the 
waters of the Lake Superior basin were at a considerably higher 
level than at present. Beneath these superficial deposits is the 
Lake Superior sandstone, and the outlines of that formation aro 
the outlines of this plain (see geological map, plate I). 

II. The hills which form the Douglas range rise abruptly^ 
from the plain just mentioned, to a height of from 100 to 300 
feet. The marked escarpment formed by the northern slope of 
these hills is a very noticeable feature of the topography, espe- 
cially when viewed from the plain to the north. This escarp- 
ment is analogous to the still more marked escarpment which 
rises, in Minnesota, from the northern edge of the plain. This 
hill range, which forms the second topographical district, ex- 
tends east and west through the county, taking towards the west. 
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however, a west-southwesterly direction.. The hill range is 
from one to four miles in width, and its southern slope is much 
more gentle than its northern. On the south it merges gradu- 
ally into another zone of different topography. The rocks un- 
derlying, and very frequently coming to the surface, in this hill 
range are igneous rocks of Lower Keweenawan age, and in places 
superimposed on these rock hills are hills of drift, especially in 
the north half of T. 47 K, R 11 W., and in the southwest quar- 
ter of T. 47 K, R 14 W. 

III. To the south of this hill range and extending nearly to 
the St. Croix river is a comparatively level tract of land in which 
prominent elevations are uncommon. Here the ground is fre- 
quently so level that extensive swamps exist. This district is 
underlain by glacial drift, largely in the form of till, while be- 
low the drift and rarely outcropping, are the igneous rocks of 
Lower Keweenawan age. 

IV. What are known as "the barrens" form a sandy plateau 
which stretches northeast and southwest through the county. 
The surface of this plateau is at times noticeably hilly and is also 
supplied with depressions in which are frequently lakes. The 
northwestern border of this tract enters the county near the St. 
Croix river in T. 43 N"., R. 14 W., extends northeastwardly and 
crosses the eastern border of the county in T. 47 N., R. 10 W. 
The St. Croix river and the Brule river for a considerable dis- 
tance flow in the barrens, but near their northwestern border. 
The southeastern border of the barrens is approximately the 
same as the southeastern border of the sandstone of the Upper 
Keweenawan, — in fact the area underlain by rocks of this age 
is practically the area occupied by the barrens. (See plate L) 

V. The extreme southeast comer of the coimty, i. e., that 
imderlain by the rocks of the Lower Keweenawan age, is very 
similar to the third topographic district mentioned above, except 
that the underlying rocks more frequently outcrop through the 
till. 

The streams of the county are all comparatively young and 
consequently do not possess broad, deep valleys. The streams of 
the plain which borders on lake Superior have cut shallow steep- 
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fiided troughs into the unconsolidated deposits which form the 
surface of the plain. The divides between these streams are 
wide and flat-topped. Many- of these streams head on the north- 
em flanks of the hills which form the Douglas range. The 
larger streams flow directly across this range, and, where they 
pass from the range to the plain to the north, have cut noticeable 
gorges, the most marked of which are along Black river and Cop- 
per creek. Commonly along these gorges are rapids or water- 
f alls* The best known of these is Black River falls (see plate 
II) which is 110 feet in height. To the south of this plain the 
streams have very shallow channels. The only exception to this 
last statement is the St. Croix river, which has cut down 100 or 
more feet into the unconsolidated drift deposits through which 
it flows. This river flows in a broad, flat-bottomed valley which 
is out of proportion to the size of the present stream. The val- 
ley was excavated when the St. Croix acted as the outlet for the 
waters of the Lake Superior basin, the water level of the lake 
then reaching and overflowing the divide between the head- 
w* ''ers of the present Brule and St. Croix rivers. 

SKETCH OF THE DIFFERENT FORMATIONS. 

The rocks of Douglas county are readily separable into three 
distinct series (see geological map, plate I), as follows, in de- 
scending order : 

Cambrian: Lake Superior sandstone. 

Upper Keweenatcan: Conglomerates, sandstones, and shales. 

Lower Keweenatoan: Igneous rocks, largely basic lava flows. 

The oldest rocks exposed in the county are of Lower Kewee- 
nawan age. They consist of i^eous rocks which are almost al- 
ways basic in nature and which are largely in the form of lava 
flows. These lava flows, in the northern part of the county, dip 
toward the southeast or south, while in the extreme southeastern 
comer of the county are similar rocks dipping toward the north- 
west. Younger than these and resting directly upon them are 
a series of conglomerates, standstones and shales of Upper Ke- 
weenawan age. Younger still is another series of rocks, mainly 
sandstones, which outcrop in many places along the southern 
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shore of lake Superior and to which the name Lake Superior 
sandstone has been applied. 

The Lower Keweenawan rocks are the ones which contain the 
copper deposits. 



THE LOWEE KEWEENAWAN. 

These rocks are of the same age and of the same origin as the 
copper-bearing rocks of Keweenaw point in which the most ex- 
tensive deposits of native copper known in the world occur. 
Moreover, in lithological character the rocks of the two areas 
are the same in all broad features and in most minor features. 
The belt of these rocks in the southeastern comer of Douglas 
county is directly continuous geographically and geologically 
with the same rocks on Keweenaw point, and the Lower Ke- 
weenawan rocks of the northern part of the county are unques- 
tionably continuous, beneath the surface, with those in the south- 
eastern corner of the county (see section AB, plate I). 

Sedimentary RocJcs. 

The only sedimentary rocks which have been reported from 
the Lower Keweenawan of Douglas county are certain beds of 
conglomerates lying between lava flows in the southeastern part 
of the county. These conglomerates are composed of debris de- 
rived from the closely adjacent, underlying, igneous rocks. 
Careful search was made for such conglomerates in the northern 
belt of Lower Keewenawan rocks, but no indication whatever 
that such exist was discovered. It is of course possible that such 
conglomerates do exist here interbedded with the lava flows, and 
future search may bring them to light. Should they be found, 
the close parallel in lithology between the rocks of this district 
and those of Keweenaw point would be practically complete. 
Moreover, it is known that such interbedded conglomerates exist 
in this northern belt of lava flows on the Snake river in Pine 
county, Minnesota, and also on the north shore of lake Superior. 
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Igneous Rocks. 

In general these lava flows are dark colored and basic (i. e.^ 
low in silica) in character. To such rocks the non-committal 
name of trap can be conveniently applied. It is not necessary 
at this place to enter upon a detailed analysis of the different 
kinds of rocks included under this comprehensive and elastic 
term, but a few of the commoner types should be mentioned. 

The term diabase is applied to a rock composed essentially of 
lath-shaped plagioclase feldspars and of augite, the latter min- 
eral filling in the anguli^r spaces between the feldspars. These 
rocks are commonly of such fine grain that this relation between 
the minerals can be determined only by a microscopic examina- 
tion. Frequently one grain of augite completely surrounds one 
or more of the feldspars. These augite grains vary in size from 
very minute ones to those an inch across. When they become 
of noticeable size and include many feldspars, the rock has a 
mottled appearance due to reflections from the cleavage faces of 
the augites, and such a rock is known as a luster mottled diabase. 
Most commonly such rocks contain olivine and are then known 
as melaphyres. The melaphyres become prominent rocks in 
places, especially in the St. Croix range, where the augite grains- 
are not uncommonly a quarter of an inch across and the feld- 
spars, on account of their color or their minute size, are usually 
clearly seen only under the microscope. 

Gabbro is composed of the same minerals as diabase, but the 
constituent grains are of approximately uniform size and shape. 
The gabbros found in Douglas county are usually of considerably 
coarser grain than are the rest of the Keweenawqn rocks. 

A porphyry is a rock which contains crystals of one or more 
minerals imbedded in a groundmass which is of much finer grain 
when compared with these porphyritic crystals. 

An amygdaloid is a rock which contains roundish cavities 
which have been more or less filled by secondary minerals. 
These cavities are due to gas which escaped from the molten 
lava on cooling. They vary in size from those of microscopic 
dimensions to those which are an inch or more in diameter. 
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The minerals which occur most commonly in such cavities are 
quartz, calcite, epidote, chlorite, and prehnite. Native copper 
also occurs. 

The last two names, — ^porphyry and amygdaloid — are tex- 
tural terms and are also applicable to acid (i. e., those high 
in silica) igneous rocks, but such are rare in Douglas county. 
The acid rocks seen are granites, syenites, and quartz-porphy- 
ries. Granite is composed of quartz and orthoclase feldspar 
with one or more of the following minerals: mica, hornblende 
and augite. The grains are of approximately uniform size and 
shape and the rock is in general coarser grained than the or- 
dinary traps. Syenite is the same as granite except for the lack 
of quartz. Quartz-porphyry is a porphyry which has porphy- 
ritic crystals of quartz and the mineral composition of granite. 

Most of the rocks of the Lower Keweenawan are in the form 
of lava flows and almost all of these are basic in character. In 
only one place (on Copper creek) were lava flows seen which 
approached an acid conxposition. Quartz-porphyry, however, 
undoubtedly exists in small quantities associated with these 
basic lava flows, for a few pebbles of such rock occur in the 
conglomerate at the base of the Upper Keweenawan. Whether 
this quartz-porphyry exists in the form of lava flows or intruded 
masses is not known. A few of the diabases, and possibly some 
of the melaphyres, occur as intruded sheets or dikes in the 
surrounding lava flows, and the gabbros, granites, and syenites 
are all intrusive. These intrusive rocks are most common along 
parts of the Aminicon and Middle rivers in the northern half 
of T. 47 N., R 12 W., and the southern half of T. 48 K, R. 
12 W. 

Basic Lava Flows. 

We are accustomed to think of lava flows as coming from 
volcanic mountains. In such a case the different flows from 
any one volcano would be arranged in roughly concentric belts 
dipping away in all directions from the central mountain. But 
in the flows here considered there is no such arrangement. They 
extend over long distances with comparatively uniform thick- 
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ness and dip and strike. There are no evidences of volcanic 
mountains. It is therefore commonly thought that the lava 
flows of the Lower Keweenawan came, not from one volcanic 
mountain nor from a series of such, but from extensive fis- 
sures in the earth's crust. In no other manner can we account 
for the uniform thickness, dip and strike of these lava flows 
over long distances. From these fissures welled out molten 
material which flowed away as far as the slope of the surface 
and the rapid cooling of the mass permitted. After each flow 
there was a longer or shorter period of inactivity followed by 
another flow. Thus there was built up, flow upon flow, a vast 
thickness of igneous rocL 

The different flows vary much in thickness, and even the 
same flow may vary in thickness from place to place. The 
thinnest flows seen had a thickness of about two feet, and from 
this size there are flows of various thicknesses up to those of 
a hundred or more feet. The larger flows are more continuous, 
both along the strike and also along the dip, than the smaller. 
At times these larger flows can be traced along the strike for 
several miles. One of the belts of melaphyre, which appears to 
be all one mass of rock, on the St. Croix range can be seen at 
intervals for a distance of over twenty-two miles. 

Dip and Strike. The original angle of slope of these flows 
undoubtedly varied, but the average was a smaller angle than 
they now have. Thus it is seen that the whole series has been 
tilted somewhat from its original position. This is especially 
true of the rocks of the Douglas range where the dip varies from 
30° to nearly vertical. The dip on the St. Croix range is 
lower, averaging less than 20°. On both ranges the dip is 
toward the south or southeast. The strike on the Douglas range 
is about northeast near the western end, but, on going eastward, 
gradually assumes a higher angle with the north, and at the east- 
em end of the range it is east and west. 

Separation of the Different Flows. The copper deposits of 
the district are usually found at the top of one flow or at the 
bottom of the next overlying flow. From the fact that the cop- 
per deposits occur thus, — as it were between two flows, — it be- 
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comes a matter of prime importance to be able to distinguish 
one flow from another and to determine where one flow ends 
and the next overlying one begins. This is not only of im- 
portance in the search for copper, but is also of value in de- 
termining the sequence, dip, and strike of the flows and the gen- 
eral geological and structural features of the region. Some of 
the characteristics by which one flow can be separated from an- 
other are given below : 

I. Two flows may diflFer by certain features, such as color, 
coarseness of grain, mineral composition, hardness, texture, ab- 
sence or presence of porphyritic crystals or of amygdules, or 
one may be affected more by the weather than another. Where 
two or more, or at times even one, of these features markedly 
differ in two adjoining flows, the separation is easily made. 

II. Each flow is of finer grain at the bottom and at the 
top than in the center. This is not especially marked in those 
flows of only a few feet in thickness, but in the thicker flows 
this feature is found to be quite prominent when a careful ex- 
amination is made. Conmionly in the central parts of the 
thicker flows the different grains can be easily distinguished 
by the imaided eye, while it is very usually the case that on 
going from the center toward the upper and lower parts of the 
flow, the grain gradually^ becomes finer imtil the different grains 
can be distinguished only by a microscopic examination. On 
the upper surface the rock may become even glassy. 

III. In most of the flows amj^dules are developed near the 
upper surface, and, much less conmionly, amygdules of smaller 
size than those near the upper surface are seen near the lower 
surface. Some of the thinner flows are amygdaloidal from 
bottom to top. It is the rule, however, that the upper few feet, 
— ^from two to ten or even twenty feet, — of a flow is amysrdal- 
oidal and that the amygdules decrease in size and number as 
you go farther from the upper surface. This presence of the 
amygdaloidal texture in the upper part of a flow is one of the 
commonest criteria by which two flows can be separated. 

IV. The upper part of a flow frequently presents a frag- 
mental appearance. This may be due: (1) to a breaking-up 
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of the hardened upper crust of a flow by the onward movement 
of the still liquid mass beneath, the result being a confused mass 
of fragments cemented by rock of nearly the same nature; (2) 
to a breaking-up of the upper surface of a flow by the elementSi 
and its subsequent cementation by its own debris or by the next 
overlying flow; (3) to volcanic fragmental deposits, — ^bomba 
and ashes, — deposited on the surface of one flow during the 
interval between its consolidation and the extrusion of the next 
flow. This f rajgmental upper part of a flow, when present, va- 
ries in thickness from an inch up to several feet The frag- 
mental character of the upper portion of one of these flows is 
shown in plate III. 

V. The upper surface of a flow may show a ropy structure 
or other peculiar surface structures, — structures which are com- 
mon to the surfaces of many lava flows, but which are not fre- 
quently seen in the old lavas here considered. 

VI. In the adjustments which took place between the dif- 
ferent beds in the tilting of these rocks from their original po- 
sitions fissures were formed, and these would form in the weak- 
est planes of the rock, i. e., in the loosely textured upper part 
of the flow or along the division line between two flows. Such 
a fissure is frequently accompanied by a more or less marked 
brecciation of the walls of the fissure. This criterion cannot 
be relied upon when all other criteria are absent, but it is of 
value as one feature which, in connection with others, helps to 
establish a division between two flows. 

VII. One marked feature of the topography in districts 
where the Keweenawan rocks are not covered by later material 
is a peculiar step-like surface. The different steps vary In 
size according to the thickness of the individual flows, some 
of the smaller steps being shown in plate III, and one of the 
larger ones in plate IV. This step-like character presents itself 
as follows : When one approaches from the north a ridge com- 
posed of outcrops of several flows he first encounters a very 
steep, northward-facing slope, or even a precipitous wall, which 
indicates, nearly, the thickness of the lowest flow. At the top 
of this wall is a gentler slope to the south, the slope coincid- 
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ing practically with the dip of the rocks and marking the up- 
per limit of the flow approximately but not exactly, for usually 
dome of the loosely textured upper part of the flow has been 
removed by erosion, glacial or otherwise. On following doivn 
this slope for a short distance another very steep slope, or pre- 
cipitous wall, is met, beyond which the more gentle southern 
slope and the steeper northward facing slope is repeated in- 
definitely. Many of the ridges on the Douglas range show 
this peculiar step-like outline. Where the flows are quite thick 
valleys, elongated in the direction of the strike, mark the sep- 
aration between two flows. A typical case of this kind is il- 
lustrated in plate IV, the slope on the left indicating the dip 
and approximately the upper surface of one flow, while the 
dteep wall on the right marks approximately the thickness of 
the next overlying flow. 

THE UPPER KEWEENAWAN. 

The Upper Keweenawan rocks form a broad belt which ex- 
tends northeast and southwest through the southeastern part of 
the county (see geological map, plate I). They are flanked on 
both sides by the Lower Keweenawan rocks. The strata of 
the Upper Keweenawan are of sedimentary origin and consist 
of conglomerates, sandstones, and shales. The only places where 
rocks of this age have been examined by the writer are at cer- 
tain localities along the St. Croix river and its tributaries in 
Ts. 44 K, R. 13 W., 43 K, R 13 W., and 43 K, R. 14 W. 
(For location of outcrops of rocks of this age, see plate VII.) 
Here the conglomerates, which are interbedded with, and suc- 
<;eeded upwardly by the sandstones and shales, lie apparently 
conformably on the underlying igneous rocks and dip toward 
the southeast at angles of from 10° to 18°. The strike is al- 
most exactly northeast. 

On the lower part of Crotty brook, near the center of the 
west side of Sec. 8, T. 43 N., R. 13 W., there is a considerable 
exposure of rocks of Upper Keweenawan age. They consist 
of interstratified conglomerate, sandstone and shale, all reddish 
brown in color. The pebbles of the conglomerate are of all 
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sizes up to six inches in diameter and are well rounded. They 
consist of fine grained igneous rocks similar to rocks which are 
known to occur in place a mile or more to the northwest, with 
the exception of some pebbles of quartz-porphyry which rock 
is not known to outcrop in this vicinity. The matrix of the 
conglomerate is sandstone cemented at times by calcite, and this 
matrix and the purer beds of sandstone do not, except in very 
small part, consist of quartz sand, but of material which was 
derived from basic igneous rocks. The strike is N. 46^ E. and 
the dip 12^ to 14^ to the south of this. On the same stream, 
near the center of the east side of Sec. 7, T. 43 N., R. 18 W., 
is a small exposure of conglomerate. Farther up the stream 
are no other exposures of sedimentary rocks, but fragments of 
conglomerate are rather common nearly up to the traps which 
occur in the northwest quarter of the same section. The bound- 
ary of the Upper Keweenawan is thus most probably very 
close to the most southern of these trap outcrops. 

On the Moose river the most. northerly exposure of conglom- 
erate is on the east side of the river and close to the south 
line of Sec. 14, T. 44 IN*., R. 13 W. This is a small exposure, 
but directly across the river is an exposure of trap, thus al- 
lowing the division line between the two parts of the Kewee- 
nawan to be located with precision at this place. On the west 
bank of the river, a short distance below the outcrops just men- 
tioned, are other outcrops of conglomerate interbedded with a 
sandstone which forms the matrix of the conglomerate. The 
pebbles here are of all sizes up to those fifteen inches in diam- 
eter, and practically all, except some half an inch or less in 
diameter, are well rounded. The pebbles are of trap of va- 
rious kinds, but among them no melaphyre nor quartz-porphyry 
was found. The sandstone is of yellow color and consists of 
fine fragments of the ^traps cemented by epidote and calcite. 
The strike is approximately N. 40° E., and the dip 13° to the 
south of this. Exposures of conglomerate and interbedded 
sandstone continue at intervals down the river almost to the 
bridge which is in the S. E. i, S. E. i, Sec. 27, T. 44 N., R. 
13 W. The sandstone varies in color from yellow, through 
gray, to brownish red. 



^ 
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THE LAKE SUPEEIOB SANDSTONE. 

All of Douglas county north of the Douglas range is under- 
lain bj this saiidstone. Outcrops along the Lake Superior 
shore in Douglas county have not been reported^ but the larger 
streams have at times cut down through the glacial and lacus- 
trine deposits to the underlying sandstone; this is especially the 
ease near the southern border of the sandstone area. Outcrops 
also occur on the St. Louis river at the northwestern comer 
of the coimty. 

The sandstone lies nearly horizontal. Toward! the southern 
border there is a slight dip toward the north and in close prox- 
imity to this border^ as will be mentioned below^ the sandstone 
is in places much disturbed. 

In lithological character the Lake Superior sandstone, at least 
as exposed in Douglas county, is decidedly different from the 
sandstone of the Upper Keweenawan. The latter is a sandstone 
composed of fragments of basic igneous rock while the former 
consists essentially of quartz sand. In a few places, as at the 
contact with the traps on the Black and the Aminicon rivers, 
the lowest exposed strata of the Lake Superior sandstone consist 
of a conglomerate, and at the former locality the conglomerate 
contains, in addition to the pebbles of basic igneous rock, a con- 
siderable percentage of quartzite pebbles. Some of the higher 
strata of the Lake Superior sandstone are rich in clayey mate- 
rial and some layers are typical shales. In color the sandstone 
varies from white to reddish brown, and frequently in small 
areas there is much mottling due to these two colors. 

.JUNCTION OF THE LAKE SUPERIOB SANDSTONE WITH THE TRAPS. 

The junction of the Lake Superior sandstone with the Lower 
Keweenawan is marked by a distinct fault. On the north 
side of this fault line the strata have been relatively depressed, 
while on the south side they have been relatively elevated. We 
thus find the Lake Superior sandstone, which is younger than 
the traps of the Lower Keweenawan and originally overlay 
them, today at a lower horizon than the traps. The actual 
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amoTint of displaoement along this fault line has not been care- 
f nlly determined, but in some places it is probably several hun- 
dreds of feet 

The rocks on each side of the fault have been affected dif* 
ferently by this displacement^ as described below. 



Effects on the Traps. 

Along the fault line the traps have been, remarkably shatr 
tered. This shattering becomes more prominent, and the fra^ 
ments into which the rocks are broken become smaller, as the 
contact line is approached. The marked brecciation of the 
traps commonly extends, not only for a few feet from the sand- 
stone contact, but to a distance of 400 feet or even farther. 
The extreme fineness of this brecciation is a very marked fea- 
ture. In many outcrops the traps are seen to be so thoroughly 
shattered that it is impossible to find a fragment of the roek 
more than an inch across which is not divided into smaller 
pieces by cracks. On weathering, or by a blow from the ham- 
mer, such a rock breaks down in small, angular pieces. One 
good example of this brecciation of the traps near the sand- 
stone contact is shown in plate V. 

The displacement which occurred along the fault is thus seen 
to have been distributed, at least in part, through a considera- 
ble thickness of rock, so that the fault plane is, in this case, a 
^^plane" which is a number of feet in thickness. 

This brecciation of the traps, together with the marked topo* 
graphic break which occurs at the junction of the sandstone 
and traps, becomes an important aid in determining the north- 
em border of the Eeweenawan rocks and thus the line north 
of which explorations for copper need not be carried. There 
are other places where the traps have been brecciated, as already 
mentioned, but here the brecciation is commonly confined to 
the line between two flows and the brecciated mass is at most 
only a few feet in thickness.^ 

> See under VI on ptfe 14. 
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Effects on the Sandstone. 

As a rule the sandstone does not show this marked breocia- 
tion near the contact Only in one place, — at the Middle river 
contact in Sec, 25, T. 48 N., R. 12 W., — does the sandstone 
exhibit evidence of so complete a shattering as do the traps. 
But the sandstone has been affected in a different manner and 
has been thrown into folds, or broken into large, faulted blocks. 

Black River Contact. For a short distance below Black 
River falls the river flows in a gorge cut in the traps, but with- 
in 800 feet of the falls the Lake Superior sandstone occurs in 
a few isolated exposures. These dip in various directions, and 
in one place strata of the sandstone are found included in the 
trap breccia which exists near the contact line. Some 200 feet 
farther down the river the sandstone is exposed more continu- 
ously and near the contact the dip is 35^ toward the north. 
Farther north the dip becomes less and the sandstone, except 
for a few minor undulations, becomes practically horizontal. 
The general effect on the sandstone at this contact is a bend- 
ing upward of the beds near the fault line, while in the imme- 
diate vicinity of the contact there has been some faulting of 
the sandstone. 

Copper Creek Contact. Here, on the west bank of the 
stream, the two rocks occur within ten feet of each other. The 
trap shows a precipitous wall facing north and rising some fifty 
feet above the stream, and ten feet to the north of this is an 
exposure of sandstone rising fifteen feet above the water. The 
sandstone dips toward the north an at angle of 60^, while a 
few feet farther from the contact the dip is 40° toward the 
north, and within a distance of 100 feet from the contact the 
sandstone has become practically horizontal. The bending up- 
ward of the sandstone beds at this contact is represented in 
the section on plate VIII. 

Aminicon River Contact. Here the contact plane, as exposed, 
dips to the south at an angle of 45°. At the contact the sand!- 
fitone has been sharply flexed upward and also probably faulted. 
Within forty feet of the fault plane the sandstone is nearly hori- 
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zontal and continues so, with the exception of a few minor i 
regularities, to the sandstone quarry, about half a mile to the 
northwest. See section AB on plate IX. 

Middle River Contact. The contact between the sandstone 
and the traps is crossed three times by this river in Sec. 25^ T. 
48 TS.y R 12 W., and the exposures are such as to render this 
contact of more interest than any of the others. The upper 
layers of the sandstone, as seen here, are shaly sandstones or 
red and gray shales with some bands quite rich in lime. In 
the immediate vicinity of the traps the shaly sandstone is very 
much brecciated, to as high a degree as the brecciation of the 
traps before described.^ The sandstone has been thrown into 
a marked series of folds, so that the dip is, for a distance of 
nearly half a mile from the contact, at a high angle toward 
the soutL This dip varies from practically vertical near the 
contact to 40°, the average in this half mile being nearly 70®. 
'(See plate VI.) At the contact there is perhaps a sharp synr 
clinal fold so that for a few feet the dip is toward the north. 
Beyond this half mile (i. e., to the north) exposures are not very- 
continuous, but such as occur show first flat dips, dips of from 
40° to 60° toward the north, dips of 20° toward the south, and 
lastly horizontal strata. All these occur within a mile and a 
quarter of the contact. The section CD, on plate IX, shows the 
folding of the rocks as above described. 

THE LATEE FORMATIONS. 

In Douglas county there are no strata known which are 
younger than than the Lake Superior sandstone and older than, 
the glacial drift. !N'o attempt was made in the examination 
of the copper-bearing rocks to investigate the drift deposits of 
the county. It is only necessary to state that the glacial de- 
posits take three distinct forms: (1) unstratified drift or till 
which exists largely in the second, third, and fifth topographic 
districts already described;^ (2) stratified drift, which exists 
in the barrens or the fourth topographical district ; and (8) 

^See p. 18 and plate V. 
•Pp. 6-7. 
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days deposited near the end of the Glacial epoch in the Lake 
Superior basin. These are underlain by, and mingled with, the 
unstratified drift and the two together form the marked red 
clays which cover the northern part of the county. 



GEOLOGICAL STBUCTI7SE. 

To the statements already made it is only necessary to add 
that the structure of the Keweenawan rocks is that of a syn- 
cline, with the synclinal axis running northeast and southwest 
through the center of the tract underlain by the rocks of 
Upper Keweenawan age. To the southeast of this axis the 
strata dip northwest, while to the northwest of it the dip is 
toward the southeast and south. This fold is a very open and 
shallow one, the dips near the center being small, while on the 
edges they become more steep, here averaging perhaps 40°. 
(See section on plate I.) 

The junction between the Keweenawan traps and the Lake 
Superior sandstone on the north is marked by a fault, as has 
already been described. The sandstone dips at a very low angle 
toward the center of the Lake Superior basin, or is practically 
horizontal. 



Joints. 

Litersecting the strata of the Keweenawan, both the sand- 
stones and the traps, are frequently joint planes. There are 
commonly two series of these, one coinciding practically with 
the dip and the other at right angles to the first and running 
with the strike. There are also frequently joints of another 
system which are practically at right angles to those of the first 
system and run with the direction of the dip. In outcrops 
where the dip and strike cannot be definitely determined these 
joints, especially those of the system which coincides with the 
dip, give an indication, but not always a reliable one, of the 
dip and strike. 
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OEOLOOICAIi HISTORY. 

In a very early period (Algonkian) of geological time, but 
later than the deposition of the rocks which contain the iron, ores 
of the Lake Superior district, Douglas county was being cov- 
ered by successive flows of molten rock. These flows were built 
up, one on top of another, until a mass of igneous rock sev- 
eral thousands of feet in thickness had accumulated. These 
are the rocks of the Lower Keweenawan age. These flows at 
last ceased and were followed, without any great lapse of tim^ 
by the deposition of a series of sedimentary rocks of Upper Ke- 
weenawan age. These sediments lie above and conformably upon 
the older lava flows, and consist essentially of material derived 
directly from these lava flows. After the deposition of these 
sedimentary rocks the land was raised above sea level, where 
it stood, exposed to erosion, for a long period of time. Some 
time after the deposition of Upper Keweenawan rocks, and 
quite probably accompanying the elevation of these rocks above 
the sea, compressive forces acting in a general northwest and 
southeast direction flexed the strata into their present synclinal 
form (compare section AB on plate I). Later the region, or 
at least the northern part of it, was again covered by water, and 
in this water were deposited the strata of the Lake Superior 
sandstone. These strata are of Cambrian age and were deposited 
in an approximately horizontal position, — a position they have 
largely retained to the present day. At some unknown time 
after the deposition of the sandstone the district was visited by 
an east and west fissure, along which there was a displacement 
of the rocks. This is the fault already described which at the 
present time separates the Lake Superior sandstone from the 
Eeweenawan traps. The downthrow was on the north side of 
the fault line. 

During all the long ages which have elapsed from the time of 
the Lake Superior sandstone (Cambrian) imtil the present day 
Douglas county seems to have been above water, — ^at least there 
are today no remnants of strata younger than the Cambrian. It 
is possible, of course, that such strata might have been deposited 
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and afterwards removed by erosion. The glacial deposits which 
now so universally cover the bedrock throughout the county owe 
their origin to the ice sheet which covered the northern part of 
the United States in, as it were, the geological yesterday. 

GEOLOGICAL MAPS. 

Accompanying this report are four geological maps. The 
first (plate I) is a general geological map of Douglas county. 
The others (plates VII, VIII and IX) are more detailed maps 
of limited areas. The extent of each of these detailed maps is 
indicated on the map of Douglas coimty. On the detailed maps 
practically all of the data (except the topography and such feat- 
ures as the abundance of certain kinds of boulders) which the 
Survey depends upon in locating the boundaries between the 
different formations are presented. The maps then will enable 
one to tell at a glance hczv accurately the boundary lines between 
the different formations are drawn, the accuracy being a direct 
function of the amount of information at hand. This feature 
of the maps will appeal directly to those who are interested in 
exploring or selecting copper lands. For example, a given 
^^forty" can be seen to be positively without or positively within 
the area underlain by the copper-bearing rocks; or it may be on 
or near the border line*, in which case the map will give the evi- 
dence as to whether the boundary line is here located with 
definiteness, and the consequent probability of the given 
''^forty's" being on the copper range. 

Along the north boundary line of the copper-bearing rocks in 
plates VIII and IX the topography (i. e., the marked escarp- 
ment at the northern limit of the Douglas range^) and the in- 
tense brecciation of the traps near the contact line* made it pos- 
sible to locate the limit of the Keweenawan traps much more 
carefully than the maps indicate on their faces, for these two 
features are not represented. However, in T. 48 N., R. 11 W., 
on account of the scarcity of the exposures and the lack of the 
marked escarpment, this boundary line is much less definitely 
located than elsewhere on these two maps. 

^See II on p. 6. 
*See p. 18. 
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On the county map (plate I) outside of the areas of the de- 
tailed maps the geological boundaries have been located b^r in- 
formation obtained fr<Hn different sources. The north bound- 
ary of the Lower Keweenawan in T. 46 N., R. 15 W., is taken 
from the maps of the former Geological Survey of Wisconsin. 
The southeastern boundary of the Lower Keweenawan north- 
east of the area shown in plate VII is not definitely located be- 
cause of/ the lack of outcrops. The only rock exposures noted 
by the parties of the Survey in the vicinity of this boundary 
line are some knobs of coarse melaphyre in Sec 15, T. 45 N., 
R 12 W., at the "rock cut" on the C, St. P., M. & O. railway in 
Sec. 12 of the same township, and near the northeast comer of 
Sec. 31 and the southwest comer of Sec. 29, T. 46 K, R. 11 W. 
The boundary between the Upper and Lower Keweenawan in 
the southeastern comer of the county is located from the work 
of the former G^logical Survey of Wisconsin,^ from a map by 
Irving,^ and from information kindly furnished by Prof. J. A. 
TTdden, of Rock Island, Illinois. 

On the detailed maps (plates VII, VTEI, and IX) the occur- 
rence of copper ore, — ^the native metal, or carbonates, or sul- 
phides, — ^is indicated only in those localities where parties of the 
Survey have actually seen it. Copper has been reported from 

other localities, and farther search will undoubtedly reveal 
many more. ^ 

>Mo8eB strong. "Geology of the Upper St. Croix District;" Oeol. of Wis., vol. 

III. pp. 8G-428, 1880. 

''*The Copper-Bearing Bocks of Lake Superior;*' U. S. Geol. Surrey, Mon. V, 
plate 1, 1888. 
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CHAPTER n. 

THE ST. CROIX COPPER RANGE. 

This name is applied to the belt of copper-bearing rocks which 
are exposed just to the northwest of the St. Croix river in the 
Bouthwestem part of Douglas county. The part of this range 
about which we have the most information is shown on the ac- 
oompanying geological map^ plate VII. Outsjde of the area 
ahown on this map exposures are not common except along cer- 
tain parts of the Tamarack and Spruce rivers in T. 43 N., S. 
15 W. A few exposures are also known in Sees. 28, 29, and 32, 
T. 44 K, R. 14 W., and near the south side of Sec. 6, T. 43 K., 
R 14 W. 

The igneous rocks here exposed are readily separable into 
basic lava flows of slightly varying characters and coarse mela- 
phyres. The presence of the latter rocks make it possible to di- 
vide the area into a number of parallel belts which trend north- 
east and southwest. The melaphyres, on account of the greater 
thickness of the beds and the more resistant character of the 
rock, outcrop more frequently than the thinner-bedded and 
softer lava flows. These harder rocks commonly form low 
ridges, and by means of these ridges the melaphyre belts can 
oftem be traced when outcrops are very few. These ridges can 
be distinguished from drift ridges by their straight outlines, 
their uniform southwest and northeast trends, their steep north- 
western slopes and their more gentle southeastern slopes. Some 
of the finer grained melaphyres are distinct flows, having a 
markedly amygdaloidal upper surface, but the nature of others* 
is not so clear. It is not improbable that some of the coarser 
grained melaphyre belts are intrusive sheets, but in no case has 
it been possible to establish this. 
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SPECIAL DESCRIPTIONS. 

Below are descriptions of some of the more important out- 
crops. The locations of all of the outcrops known in the most 
important part of the range can be seen by consulting the map, 
plate VIL 

T. id N., R. 11 W. 

The most northeasterly exposures known to the Survey on 
the St. Croix range are two in the S. W. ^ of Sec. 29 (240 paces 
N. and 1,875 W., and 640 N. and' 1,795 W.). They are of 
melaphyre. Near th6 northeast comer of Sec. 31, and extend- 
ing to the north line of this section 160 paces west of the north- 
east comer, is a marked ridge of the same rock. This ridge 
runs southwest from this locality for a distance of about 400 
paces, and has a precipitous northwestern face from 50 to 80 
feet in height. The exposures in these two sections undoubtedly 
represent but one belt of melaphyre. 

T. i6 N., R. 12 W. 

At what is known as "the rock cut" on the C, St P., M. and 
O. railway, near the center of the west side of the N. W. \ of 
Sec. 12 (1,200 paces N. and 1,850 W. to north end of cut), there 
is a cut extending 215 paces through a ridge of melaphyre. A 
few small seams exist in the rock. In one of these a very small 
amount of native copper was seen. Near the center of the south, 
half of Sec. 15 (400 paces N. and 1,120 W.) is another expos- 
ure of melaphyre. 

The exposures mentioned above are all that are known to the 
Survey in Ts. 46 IST., R 11 W., and 45 K, R. 12 W. It is very 
probable that all these exposures belong to one melaphyre belt. 

T. 45 N., R. IS W. 

In the S. W. i of Sec. 25 (50 paces K and 500 W.) is a large 
exposure of melaphyre. This is a continuation of the most 
northwesterly belt of melaphyre shown on plate VII. On the 
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Moose river near the southeast oorner of Sec 14 (50 paces IS". 
and 60 W.) is a decayed reddish trap. On the same river in 
the S. W. i of Sec. 13 (125 paces N. and 1,700 W. and extend- 
ing to 65 N. and 1,600 W.) are exposures of amygdaloidaL 
traps. 

T. U N., R. IS W. 

Moose River. The most southerly exposure of igneous rock 
on this river is on its west bank near the south side of Sec. 14 
(130 paces N. and 540 W.). The rock is a fine grained, some- 
what luster-mottled, amygdaloidal diabase. ' The amygdules 
contain quartz, chlorite, epidote, and calcite. In irregularly 
outlined areas the rock is highly charged with epidote, and in 
«ome of these areas is a small amount of native copper. The 
rock is cut by a few small, red flinty, vein-like forms and where 
these cut the epidotized areas the veins sometimes carry a little 
oopper. This flow represents the youngest, or almost the young- 
•est, of the' Lower Keweenawan rocks in this vicinity, for just 
:across the river occurs a conglomerate of Upper Keweenawan 
age. 

Several other exposures occur along the river in this section ; 
one of these (675 paces N. and 925 W.) is of much interest. It 
is on the west bank, near the water's edge, and consists evidently 
of only one flow. It is a reddish, amygdaloidal diabase^ which 
in its coarsest parts is luster-mottled. At the southern end of 
the exposure is a highly epidotized part of the rock which is two 
feet in width, runs northeast and appears to stand in a vertical 
position. It can be traced for only a few feet and disappears 
imder the soil on one side and under the water on the other. In 
the amygdules and cracks in this epidotized part of the rock is 
a considerable amount of native copper. 

In Sec. 2, on the south bank of the river, is an outcrop of 
4in amygdaloid (385 paces N. and 190 W.) which contains large 
porphyritic crystals of reddish feldspar. Such porphyritic 
amygdaloids are rare on the St. Croix range. In the same sec- 
tion, at a marked bend in the river, is a series of at least three 
lighly amygdaloidal flows (580 paces N. and 750 W.). Farther 
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up the stream in Sec 2 on the west bank, is a low ledge (765 
paces N. and 870 W.) which is poorly exposed and lies mainly 
nnder the water. The rock is a hard, dark reddish amygdaloid. 
The amygdules are filled by quartz, chlorite, calcite, prehnite 
and native copper. The ledge is about eight feet in width and 
seems to be copper-bearing throughout The water rendered a 
careful examination of this ledge impossible. This is a favor- 
able place for exploration, as a comparatively small amount of 
work would give more definite information concerning the wortK 
of this copper-bearing layer. 

Crotty Brook. Several exposures exist along this stream im 
Sees. 30 and 31. The most northerly exposure in Sec 80 
(1,400 paces N. and 880 W.) is on the west bapk. The rock ia. 
a reddish amygdaloid and in it are a few seams and small 
highly epidotized areas, both of which at times carry a little 
native copper. 

T. JfS N., R. IS W. 

Crotty BrooJe. The most southerly exposure of igneous rock 
on this stream is in the N. W. J of Sec. 7 (1,420 paces N. and 
1,565 W.). This is near the top of the Lower Keweenawan.* 
The rock is a reddish diabase which is distinctly luster-mottled 
in the center and lower part of the flow, but is amygdaloidal 
near the upper surface. In this amygdaloidal portion are some 
irregularly outlined masses of roughly spherical form and from 
two to ten inches in diameter. These masses appear to be parts 
or the ordinary rock which have been highly charged with epi- 
dote, and some of them contain small amounts of native copper.. 
Farther up the stream, but in the same quarter section, are other 
exposures of amygdaloid cut at times by small vein-like forma 
of reddieiby hard, flinty rock which occasionally carries small 
specks of copper. In one of these amygdaloids (1,880 paces 
N. and 1,720 W.) is an oval mass of the rock which is rich in 
epidote. As exposed this mass is ten inches wide and fifteen 
inches long, but more of it evidently exists under the water. In: 
the amygdules of this mass of rock metallic copper is abundant.. 

^8e« p. 16. 
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At the Copper mine dam on Grotty brook, in the S. W. J of 
Sec. 6, three pits were sunk perhaps thirty years ago. The 
rock thrown out is a fine grained reddish diabase with amgydules 
of chlorite and quartz. Some of the rock is rich in epidote. 
ITone of the material examined showed any copper, although it 
is not imlikely that this mineral occurred in the epidotized parts 
of the rock and thus attracted exploration at this place. This is 
the only locality on the St. Croix range where any serious pros- 
pecting for copper seems to have been carried on. 

T. U N., B. 14 W. 

The only exposures noted in this township outside the area 
shown in the ^ological map (plate VII) are in Sees. 28, 29, 
and 32. In the last section (400 paces N. and 1,505 W.) is a 
ridge of medium grained reddish diorite, which is in places 
slightly porphyritic with feldspars. This rock contains a few 
metallic-appearing particles which might be mistaken for cop- 
per, but which are of some micaceous mineral that has devel- 
oped in the alteration of the rock. Similar rock, most probably 
of the same mass, occurs to the southwest (15 paces IST. and 1,845 
W.) in the same section and also forms a prominent ridge which 
rims northeast and southwest through the center of Sec. 28. 

In the N. W. ^ of Sec. 29 are three exposures of melaphyre. 
These are near the east bank of the Tamarack river and a short 
distance above the buildings at the Tamarack farm. 

T. JfS N., B. U 1^. 

There are many exposures of melaphyre in this township and 
a number of amygdaloids in Sees. 2, 11, and 16. In the last 
section (260 paces N. and 1,040 W.) is an outcrop of amygda- 
loidal porphyry very similar to the porphyry noted on the Moose 
river in Sec. 2, T. 44 N., R 13 W.^ The two outcrops are in 
about the same stratigraphic position and perhaps represent one 
flow. 

On the south line of Sec. 22, (1,235 paces west of the south* 
«ast comer of this section) is an exposure of reddish amygda« 

*See p. 17. 
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ioid which has epidote, chlorite and abimdaiat calcite in the 
amygdules. Some malachite^ which is undoubtedly an alterar 
tion product from native copper, occurs in these amygdules. 

T. 4S N., B. 15 W. 

Along the Tamarack river in Sees. 10, 15, 16, 20, 21, and 29 
are a number of exposures of amygdaloidal rocks. Similar 
rocks occur on the Sprupe river in Sees. 8 and 17. On the east 
bank of the former stream in Sec. 16 (about 795 paces N. and 
900 W., and extending for 50 paces down stream) is some hard 
reddish diabase with amygdules holding chlorite, calcite and 
quartz. In some of the amygdules is also metallic copper. The 
coarser parts of the rock show luster-mottling. Farther down 
the river in the same section are four other outcrops, the most 
southern (400 paces N. and 1,130 W.) of which is of rock simi- 
lar to that just mentioned. Here a small piece of native oop- * 
per was found in one of the amygdules. 

In Sec. 29 three exposures of melaphyre occur on the east 
bank of the Tamarack river. These probably belong to the 
same layer, which is quite likely the southv^esterp continuation 
of the layer exposed in three places in Sec. 29, T. 44 N., R. 14 
W., mentioned above. 

T. i2 N., B. 15 W. 

Along Chases brook in Sees. 9 and 16 are some interesting ex- 
posures. In the latter section (1,840 paces N. and 1,050 W.) 
is a mass of coarse melaphyre forming a barrier across the 
stream. The augite crystals in this rock are at times an inch 
in diameter. Further uj) the stream in Sec. 9 (1,479 paces N. 
and 537 W. and extending northward to the north line of this 
section) are a series of amygdaloidal rocks. In the upper part 
of several of these flows native copper occurs. 
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CHAPTER ni. 

THE DOUGLAS COPPER RANGE. 

>TluB name is applied to the belt of oopper-bearing rocks 
which are exposed along the hill range that marks the northern 
limit of the Lower Keweenawan rocks in Douglas county. The 
most important parts of this range are shown in detail on the 
accompanying geological maps, plates VIII and IX. Outside 
of the area of these maps there are very few rock exposures. 
Along this hill range to the east of Douglas county no outcrops 
of the traps have been reported, while to the west of this county 
some outcrops occur in Minnesota. 

In some particulars the rocks of the Douglas range differ 
from those of the St. Croix range: (1) Prehnite is much more 
common on the former than on the latter. (2) The melaphyre 
belts, which are so characteristic a feature of the latter range, 
are lacking on the f ormer, although there are in a few places 
rocks which approach rather closely to the typical melaphyres 
of the southern range. (3) On the Douglas range intrusive 
rocks are in places abundant, while they are practically lacking 
on the St Croix range, unless some of the melaphyre belts 
should prove to be of this nature. These intrusive rocks con- 
sist of diabases, gabbrps, granites, and syenites. The gab- 
faros and syenites, which approach the gabbros in composition 
and which may be parts of the same general magma, are the most 
coDunon of these intrusive rocks. On the west the intrusive 
rocks were first noticed at Pilot mound in Sec 15, T. 47 N., 
R. 13 W. East of here they occur in abundance along the 
Axninicon river in many places between Eockmontand the south- 
ern limit of the Lake Superior sandstone. Some of the intru- 
sive rocks are seen along the Middle river, especially in Sec 2, 
T. 47 N., B. 12 W., and a bold knob of gabbro and associated 
Tooks exists in the northern part of the N. W. ^ of Sec 25, T. 48 
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K, R 12 W. The more acid of these intruflive rocks (granites 
and syenites) are in general of later date than the gabbroa. 

The strike of the lava flows on the Douglas range is northeast 
and southwest toward the western end. On going eastward tlie 
strike gradually becomes more nearly east and west^ and at tlie 
eastern part of the range has this latter direction. The strike 
is approximately, but not exactly, parallel to the fault line 
which separates the traps from the Lake Superior sandstone to 
the north, the direction of the fault averaging a little more 
nearly east and west than does the strike which is inclined more 
toward the east-northeast and west-southwest Thus in going 
from the eastern end of the range towards the west, one passes 
over lower and lower, and consequently older and older, flows. 

SPECIAL DESCRIPTIONS. 

Serious prospecting for copper has been carried on in the 
rocks of the Douglas range at intervals for over fifty years, and 
there are indications of some prehistoric attempts at copper min- 
ing. The history of these explorations has already been pub- 
lished by the Wisconsin Survey,^ and the present preliminary 
report does not attempt to duplicate these descriptions. Below 
will be found brief accounts of the various locations where ex- 
plorations for copper have recently, — ^mostly in 1898 and 1899, 
— been carried on. 

The Culligan Location. 

Explorations at this place have been made in the S. W. ^ of 
Sec. 29, the S. E. i of Sec. 30 and the N. E. i of Sec. 31, T. 47 
N., R. 14 W. In Sec. 30 the most work has been done and 
here are four test pits, which were filled with water when the 
examination was made. The pits are located along a small 
creek near the southeast corner of this section. One pit is re- 
ported to be thirteen feet in depth, the lower three feet being in 
rock. Another one is also thirteen feet in depth, while another 
is thirty feet deep, the lower seventeen being in rock. The ma- 
terial thrown out of these pits is all highly brecciated and some 

»E. T. Sweet. Geol. of Wi«., rol. Ill, pp. 35S-862, 1880. 
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of it shows slickensided surfaces. On some of this material 
there are greenish stains which resemble malachite. These 
pits are regarded as located near the junction of the traps and 
the Lake Superior sandstone. 

In Sec. 29 (770 paces N. and 1,150 W.) a shallow trench has 
been dug and the rock thrown out is mainly a greenish gray, 
hard amygdaloid. The amygdules are small, but numerous, 
and most of them contain quartz. Many of the amygdules hold 
native copper. Water in the trench prevented a careful exam- 
ination. The copper-bearing belt of rock is reported to be five 
feet in width. If the rock thrown out is a fair sample of this 
belt, — and such seems to be the case, — this flow ought to be 
prospected more fully. 

Along the creek in the N. E. ^ of Sec 31 there are exposures 
showing several flows which in some places carry copper both 
in the amygdaloidal parts of the rock and in small veins. The 
bed richest in copper has been struck in a test pit (1,697 paces 
N. and 113 W.), which passes through about four feet of hard, 
greenish brown, barren rock and then strikes an amygdaloid 
rich in epidote. This last rock carries considerable native cop- 
per. Many of the amygdules are completely filled with the 
metal, which also occurs in small seams. The exploration has 
not been carried far enough to determine how extensive this cop- 
per-bearing rock is, in fact the amygdaloid which carries the 
copper has been penetrated for only a few inches. The locality 
was visited again later in the season, but practically no more 
work had been done. This copper-bearing flow, like that menr 
tioned above, ought to be exploited more fully. A little more 
work would determine whether the parts already exposed were 
fair averages in copper content, or were richer or poorer than the 
rest of the copper-bearing amygdaloidal portion of the flow. 
And at the same time the thickness and probable extent of the 
copper-bearing rock could be determined. These prospects in 
Sees. 29 and 31 are more encouraging than those in Sec 30, 
where most of the work has been done on this property. 
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The Copper Creek Location. 

This property includes the S. W. i of Sec. 14 and the S. E. i 
of Sec. 15, T. 47 K, R 14 W. In former years considerable 
work was done here and several test pits and shafts were sunk 
and strippings made in the vicinity of the junction of the two 
branches of Copper creek. Unfortunately the information 
gained by this work has been lost, or is not available. During 
1899 work was resimied again, mainly in different places from 
the old work. 

N^ear the junction of the creeks there «are a series of flows 
which strike approximately northeast and southwest. The dip 
is from 54° to 62° towards the southeast. The flows have 
amygdaloidal upper parts and in several cases, at the junction 
of two flows or in the upper part of a flow, are fractures whose 
dips correspond with the dip of the flows. Commonly along the 
fractures there is some brecciation. The broken parts of the 
rock are cemented by vein material, — quartz, calcite and preh- 
nite, — ^and it is in this vein material that most of the copper 
occurs, although it is also found in the amygdules. 

On the main stream, south of the jimction, several flows are 
seen. In the upper part of one of these (159 paces N. and 43 
W., Sec. 15) and the lower part of the next upper flow native 
copper occurs in amygdules. The copper-bearing bed is about 
a foot in thickness. On the high ground between the two 
creeks and south of their junction is a pit (233 paces N^. and 
41 W., Sec. 15) which is perhaps 50 feet in depth, but now is, 
like all the others, filled with water. The pit slopes at an angle 
of 60° towards the south-southeast. To the northeast is a 
trench running along the junction between two floors, — ^probably 
along the lower side of the flow in whose upper surface is the 
pit just mentioned. Thrown out of the pit or the trench is a 
quantity of rock which can be termed copper ore. It is brec- 
ciated rock cemented by quartz, calcite, prehnite, and some native 
copper. The brecciation is evidently along a fractujre between 
two flows, for the rock is in part the dense fine grained portion 
from the base of a flow and in part the porous amygdaloidal por- 
tion of the top of a flow. 
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To the east of the main creek and north of the junction of 
the streams are several pits and in one place a tunnel. From 
what can now be seen these pits do not show as encouraging pros- 
pects as that just mentioned. 

On the west side of the main stream, just north of the junction 
of the two streams, is a perpendicular rock face which has been 
exploited recently. The rock is in many places brecciated and 
along the broken sides of the fragments are slicken-sided sur* 
faces. In some very irregular and limited areas the brecciation 
is more intense and the broken rock is cemented by nearly pure 
white calcite, and in this calcite is some native copper in the 
form of fine wires, — averaging less than a thirty-second of an 
inch in thickness. In addition to the calcite there is here also 
quartz and prehnite, both in amygdules and in fissures. The 
eopper here is not so abundant as at the pit described above. 

On the eastern of the two creeks there are a number of ex- 
posures, and at one of these (245 paces IT. and 1,900 W., Sec. 
14) is a brecciated belt which appears to be parallel to the dip. 
This belt is from one and a half to two feet in width and con- 
sists of rock fragments cemented by vein material, which here is 
mainly quartz and prehnite. The exposure is near the bed of 
the stream, and above this belt of broken rock is a highly epido- 
tized area, evidently of the same flow. In the vein material is 
native copper, commonly in wire-like forms ; these wires appear 
to be coated by native silver. 

Later in the season this locality was visited again; the vein 
had been uncovered for a distance of thirty feet. It retained an 
approximately uniform width, — one and a half to two feet, — 
but was not as rich in copper as in the place where it ^as first 
uncovered. 

On the northern brow of the high hill in Sec. 15 (480 paces 
IT. and 500 W.) a pit has been sunk along the top of an amyg- 
daloidal flow. The rock is a brown-weathering, reddish diabase. 
The south wall of the pit is the bottom of the next overlying flow. 
The strike and dip at the pit are rather anomalous, the former 
Wng N. 30° E. and the latter 78° towards the south of this. 
In this immediate vicinity a chance was had to measure the 
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strike and dip along a larger distance than could be obtained 
at the pit ; the strike is N. 20° E. and the dip averages 70° to- 
wards the south of this. The upper three feet of the flow ex- 
posed in this pit contain most of the ore^ although it occurs in 
smaller amounts through a thickness of twelve feet. The ore 
consists of two metallic minerals which have altered considep*. 
ably. One of these is of a silver white color but has largely 
changed to a rusty brownish material. In the field this min- 
eral was thought to be a nickel sulphide. The other mineral is 
regarded as a copper sulphide now almost completely changed 
to the green carbonate, malachite, which not only occurs in the 
amygdules but also exists as green stains along cracks. This pit 
is in similar rock, and near the same horizon stratigraphically, 
as another pit which was sunk for nickel several years ago about 
half a mile farther northeast (935 paces N. and 1,790 W., See. 
14). 

The Fond du Lac Location. 

Prospecting at this location has been carried on in the N. E. 
J of Sec. 8, T. 47 N., R 13 W. In former years two deep pita 
were sunk here, called the Stewart and the Parker shafts. The 
former is about 400 paces northeast of the latter. In 1899 a 
considerable amount of stripping was done on this property, and 
several shallow pits and trenches were made in the rock. This 
work was of such a nature as to expose a large surface of the 
copper-bearing amygdaloids ; in fact the work here has resulted 
in an examination of a larger amount of rock in which copper 
might occur than at any other of the recent explorations on the 
Douglas range. 

At the brow of the hill range, crossed by the road on the east 
line of Sec. 8, is an exposure of hard, reddish, flinty rock which 
has been much fractured. The fractures are frequently healed 
by calcite. This exposure is 245 paces south of the northeast 
comer of Sec. 8, and other exposures of the same rock occur 
both to the west and to the east About 100 paces west of the 
road a cross cut has been made from the rock just mentioned 
south for 100 paces across some amygdaloidal flows. 
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The Stewart shaft (1,400 paces N. and 345 W.) is said to be 
65 feet deep. At the time the Survey parties examined it, it 
contained water to within about 25 feet of the top. The shaft 
goes down along a vein-like mass of rock which dips southward 
at an angle of 35°. The country rock is here a medium grained 
reddish diabase and the rock of the vein-like mass is a coarser 
grained diabasic rock which has been highly charged with epi- 
dote. The latter rock at the shaft varies from 10 to 18 inches 
in thickness. It can be traced, as exposed in strippings, almost 
continuously for 100 paces to the east of the shaft and for 200 
paces to the west. Towards the east it becomes smaller and 
where last seen is about six inches in thickness. This vein-like 
mass appears to be a sheet of igneous rock which has been in- 
truded along a fissure in the country rock, the fissure practically 
coinciding in direction with the dip and strike of the inclosing 
rocks. The copper content of this rock varies considerably at 
different points ; in some places no copper at all is seen, at 
others this metal is quite abundant. 

The flow, in which is the vein-like mass of rock just described, 
is markedly amygdaloidal at its upper surface. About 200 
paces west of the Stewart shaft a cross-cut has been made from 
this flow south for over 100 paces. One of the rocks struck in 
this cross cut is a melaphyre which approaches in coarseness and 
general characters the characteristic melaphyres of the St. Croix 
range. Near the north end of this cross cut, and apparently in 
the upper part of the same flow, in which is the Stewart shaft, is 
a test pit. Here the amygdaloidal upper part of the flow has a 
horizontal breadth of about 18 feet Pieces of sheet copper are 
reported from this place. These occur in seams in the rock, the 
seams being parallel with the dip. The specimens from this 
place seen by the writer were about one-eighth of an inch in 
thickness and from two to three inches across. This amygda- 
loidal layer is known as the Admiral Dewey vein or lode. 

The Parker shaft (1,060 paces K and 520 W.) is said to be 
80 feet in depth. It goes down on the junction between two 
flows and slopes 22° to 38° toward the south. The plane of 
division between the two flows is the foot wall of the shaft, as 
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nearly as oould be seen, the shaft being practically full of water 
when the examination was made. The upper part of the lower 
flow here is amygdaloidal, the amygdaloidal portion being ten 
to twelve feet in thickness. At the shaft and just to the west, 
where some trenching has been done, this amygdaloid carrier 
copper. The upper flow at the shaft is also amygdaloidal and 
at one place (1,010 paces N^. and 615 W.) west of the shaft a 
trench has been cut across the amygdaloidal part, which here haa 
a horizontal width of 18 feet (See plate X.) This is known 
as the Little Maude vein. In places the amygdaloid has been 
fractured, probably along a plane parallel with the surface of 
the flow, and the fractures have been filled with quartz, prehnite^ 
calcite and epidote. With these minerals is considerable native 
copper, which has partly altered to malachite. Small nuggets 
of copper, weighing several ounces, are reported from this place. 
To the south of this one or two other flows have been uncov- 
ered; they bear copper in small amounts, but not as much as 
occurs in the Little Maude vein. 

The Catlin Location. 

In the S. E. J of -Sec. 34, T. 48 N., R 13 W., some explora- 
tory work has been done. This consisted of blasting in a few 
places and the sinking of two test pits. One of these is on the 
St. Croix road (590 paces N*. and 120 W.) and strikes the upper 
part of a porphyritic amygdaloid. The other (60 paces N. and 
620 W.) is on a small stream. The rock here is a reddish me- 
dium grained diabase. 

The Starkweather Location. 

This property has been known as the Edwards mine and also 
as the Wisconsin mine.^ It is situated in the N. W. J of Sec 
2, T. 47 N., R 13 W. In the N. W. ^ of this quarter section 
several pits, or shafts, have been sunk. During the time the 
Survey parties were in this district there was no work being done 
at this locality, and the pits were full of water. Consequently 
no careful examination could be made. It is evident that the 

^B. T. Sweet Geol. of Wis., toI. Ill, p. 860, 1880. 
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property is crossed by a series of amjgdaloidal flows and that 
some of these are copper-bearing. The rock thrown out of the 
pits is in general of four kinds: (1) dense diabasic rock evi- 
dently belonging to the base of a flow ; (2) amygdaloid from the 
upper part of a flow; (3) fine grained, vein-like material, prob- 
ably acting as a cement to the broken up upper surface of a flow ; 
(4) brecciated rock cemented by vein material which is mainly 
quartz, calcite, epidote and a red nrineral (probably laumon- 
tite). Native copper, altered in places to malachite, occurs in 
the amygdules, and also in the vein cement of the brecciated 
rock, but more commonly in the latter. Most probably the rich- 
est specimens of the copper-bearing rock have been taken away 
by people who not uncommonly visit this location. Nothing can 
be said, from the examination it was possible to make, concern- 
ing the thickness and richness of the copper-bearing rock. The 
general relations and manner of occurrence of the copper appear 
to be the same as in the other localities already described. 

The Aminicon Location, 

This is situated in the K W. i of Sec. 11, T. 47 N., E. 13 W. 
Some stripping and blasting has been done along the bold rock 
hill that extends northeast and southwest through this quarter 
section. The most serious work was done in sinking a test pit 
(1,625 paces "N. and 1,110 W.) at the base of this hill near its 
northeastern end. This pit goes down on a small vein, which is 
from one-fourth to two inches in width. It has slickensided sur- 
faces and is filled mainly with calcite, quartz, talc and soft clay 
selvage. The vein strikes nearly east and west and dips 76° to 
the north near the surface, but the dip varies to more nearly 
vertical a few feet below the surface. It is the expectation of 
the owners that this vein will widen out and become copper-bear- 
ing some feet below the surface. 

Just to the north of this pit is an irregular vein, from two 
to eighteen inches in width. It is about vertical, strikes north 
and south and towards the south splits into two veins. The 
vein is a brecciated portion of the rock cemented by quartz, cal- 
cite and red feldspar. There is also chalcopyrite, chalcocite and 
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malachite in the veio. The latter is most probably secondary^ 
possibly after native copper, which is reported from this vein* 
Chalcopyrite and chalcocite also occur in fimygdules in several 
places along this hilL 

The North Wisconsin Location. 

This property is located in the S. W. ^ of Sec. 3 and* the 
K W. i of Sec 10, T. 47 N., R. 12 W. The outcrops noted at 
this place and the prospecting done is confined to the immediate 
vicinity of the line between these sections and^ does not extend 
over 200 paces eastward from the west comer post on this line. 

Along the Middle river, just below the dam, are exposures of 
several flows which are markedly amygdaloidal in the upper 
parts, the amygdules being frequently of laumontite. Here, on 
the east side of the river, a pit has been simk. This is said to 
be 51 feet in depth and has drifts running from the bottom. In 
these drifts considerable copper has been reported. At the 
time this property was examined the pit was full of water. On 
the west bank of the river is a vein-like form, six inches wide, 
cutting one of the flows. The vein rock is hard, very fine 
grained, and greenish to yellowish in color. It contains specks 
of native copper and there are malachite stains along the cracks. 

A shaft (22 paces N. and 1,853 W., Sec. 3) is being sunk in 
one of the flows. This is east of the dam, and just to the south 
of the shaft are three pits full of water. The shaft slopes about 
62® to the south. It is seven and a half by twelve feet, inside 
the timbers, and in August, 1899, had reached a depth of about 
80 feet. At this time machinery for hoisting and drilling was 
being put in. (See plate XI.) The shaft goes down in the 
amygdaloidal upper part of a flow, and this rock carried native 
copper in the amygdules, although not so abundantly as reported 
from the pit, mentioned above, on the east bank of the river. 

The Astor Location. 

No extensive work has been done on this property, which is 
in the N. W. J of Sec. 28 and the N. E. i of Sec. 29, T. 48 N., 
K. 10 W. In the former section (1,275 paces K and 1,820 W.) 
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18 a pit which at the time of the examination had not certainly 
reached the solid bed rock, although very close to it. The ma- 
terial thrown out was practically all of one rock which had been 
breociated and cemented by vein minerals. About ISO paces 
north of this pit and at a little falls on a small stream is an ex* 
poBure which shows evidence of having been explored a num- 
ber of years ago, and just to the north of it is a filled test pit. 
The rock here shows an epidotized area, two to four feet in 
widtL In this, and in cracks adjoining, is chalcopyrite, and 
native copper is also reported. 

'To the west in Sec. 29 there are a nimiber of exposures, usu- 
ally of amygdaloidal rock which bears chalcopyrite. In one 
locality there seems to be evidence of some very ancient at- 
tempts at prospecting, the ground now being covered by large 
trees which have grown up since this was done. 

The Percival Location. 

The principal explorations on this property have been in the 
N, i of S. W. i of N. E. i of Sec. 27, T. 48 N., R. 10 W. Con- 
siderable work wras done here a number of years ago, and work 
has been actively resumed recently. 

An old pit (1,303 paces N. and 1,110 W.) west of the present 
shaft goes down perhaps 30 feet. The pit was sunk to investi- 
gate a vein which trends nearly east and west. The vein is 
from one to ten inches in width and is mainly of calcite. It car- 
ries some native copper. Just to the east of this is a stripping 
which exposes the same vein. Prospecting on at least two veins 
of similar character, also carrying copper, has been done in sev- 
eral places a short distance east of this pit. One, at least, of 
these veins differs from the other veins met in the explorations 
already described in that it is not parallel to the dip and strike 
of the beds of igneous rock in which it lies. This vein dips 
to the north at an angle of about 65°, while the dip of the flows 
is toward the south. It is not unlikely that the other veins at 
this locality also fill fractures which do not lie parallel with the 
surfaces of the flows. 

The principal work at this locality is now being done at a 
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shaft (1,432 paces K and 722 W.) which is eight by six feet 
in size. Drilling, hoisting, and pumping at this shaft are done 
by steam, this being the only locality on the Douglas range where 
machinery was used during the sunmier of 1899. The shaft 
goes down in the amygdaloidal part of a flow, and the hanging 
wall of the shaft is the bottom of the next higher flow. The dip 
of the upper part of the shaft is about 40^ towards the south, 
but towards the bottom it becomes steeper, being 46^. In Aug- 
ust, 1899, the shaft had reached a depth of 90 feet. The amyg- 
daloid penetrated by this shaft contains the minerals common 
to the amygdaloids of the district, but is noticeable for the lau- 
montite and the large amoimt of prehnite. This rock is in? 
places highly charged with epidote, the masses rich in this min- 
eral being, as far as can be seen, roughly spherical in shape. 
Several of these epidotized masses have been f oimd in the shaft. 
These areas vary in size, but the writer did not see evidence 
that any of them yet found here are over six feet in diameter. 
It is in these highly epidotized masses that the chief part of the 
copper occurs, and at times specimens from such parts of the 
rock are very rich in this metal, which occurs in the amygdules^ 
in cracks and in irregularly disseminated particles. 

About 200 and 400 paces east of this shaft are pits probably 
sunk on the same flow.^ At each the amygdaloid contains con- 
siderable quantities of laumontite. Some stripping has re- 
cently been done on a small stream about a quarter of a mile^ 
northeast of the shaft. 
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CHAPTER IV. 

THE COPPER DEPOSITS. 

In this chapter it is proppsed to present a brief discussion con- 
cerning the mode of occurrence of the copper, where to search 
for copper, and the value of the deposits. 

MODE OF OCCUBKEIS^CE. 

The copper found in Douglas county occurs mainly as the na- 
tive metal. At times this has suffered alteration, where exposed 
to the agents of weathering, to the green carbonate, malachite, 
and less frequently to the blue carbonate, azurite. These two 
minerals occur only in small amounts. In many places on the 
Douglas range copper occurs in the form of chalcopyrite (a 
brass-yellow mineral composed of sulphide of copper and sul- 
phide of iron) and in smaller amounts as chalcocite (a dark, al- 
most black mineral composed of sulphide of copper). In no 
places in this district have the last two minerals been found in 
sufficient quantities to attract exploration, nor does it seem prob- 
able that deposits of these minerals of economic importance will 
be discovered. In order to be of value as ores chalcopyrite and 
chalcocite must occur in greater abundance than is necessary for 
the native metal. Thus the deposits of copper which are liable 
to prove of economic value are those in the native state. 

Native copper occurs in this district in three ways: — (1) in 
amygdules, or in pseudamygdules, or in small particles scat- 
tered through the rock; (2) in minute seams; (3) in veins. 

The commonest mode of occurrence is in amygdules where the 
copper partially or completely fills the amygdaloidal cavities. 
The minerals associated with this metal in the amygdules, and 
imbedded in which the copper frequently occurs, are quartz, cal- 
cite, prehnite and epidote. Commonly at least two of these min- 
erals are present in any copper-bearing amygdaloid. 
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An exceedingly abundant accompaniment of the copper is epi- 
dote. Very frequently along seams or in areas of indefinite 
shape the rocks have been highly charged with this mineraL 
Commonly these epidotized masses are of roughly spherical f ona 
and vary in diameter from an inch to a few feet. With the 
epidote in such masses is much quartz^ especially in the amyg- 
dules. The copper occurs in the amygdules and also scattered 
throughout the rocL Many of the occurrences of copper on the 
St Croix range are in epidotized parts of the rock, and the same 
is true on the Douglas range, especially at the Percival location. 
where the richest parts of the rock are those highly charged with 
epidote. 

Prehnite is comparatively rare on the St. Croix range, but is 
known from at least two places. One of these is on the Moose 
river in Sec. 2, T. 44 'N.y B. 13 W., where this mineral occupies 
the amygdules in common with the copper.^ The other locality 
is on Crotty brook near the center of Sec. 30 (1,120 paces N'. 
and 995 W.) in the same township. On the Douglas range, 
however, prehnite is a common accompaniment of the copper, 
as for instance at the Copper Creek and the Percival locations 
where this mineral is abundant in the copper-bearing rock. 

In minute seams in rock, which is otherwise copper-bearing, 
there are at times films or thin sheets of this metal. These are 
most common in places where the rock is highly charged with 
epidote. 

The true veins thus far discovered in the copper-bearing rocks 
of Douglas coimty are most frequently parallel to the layers of 
rock. These veins occur most commonly in the upper amygda- 
loidal parts of the flows, and frequently along these veins there 
has been a brecciation of the adjoining rock. Where this brec- 
ciation has not taken place the vein is narrow, commonly only 
a few inches in width, but where the adjoining rock is brecciated 
the vein minerals have cemented the rock fragments and the 
total thickness of vein material may be increased to a few feet. 
The minerals of these veins are chiefly quartz, calcite and preh- 
nite. Copper occurs in small irregular pieces scattered through 

^See p. 28. 
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the vein material. One peculiar occurrence of copper in these 
veins is at the Copper Creek location where this metal is in 
wire-like forms penetrating either calcite or quartz. In one 
vein these wire-like pieces of copper appear to be covered by a 
thin coating of native silver. 

A few small veins have been found which cut the rocks at 
a marked angle to the different layers, as at the Percival loca- 
tion.^ These contain the same minerals as the other veins al- 
ready mentioned and also carry copper. 

Mention should also be made of two kinds of vein-like forms 
which sometimes occur in the copper-bearing rocks. The first 
are found in the upper parts of certain lava flows and consist 
of very fine grained flinty rock, which is red to yellow in color. 
This exists in vein-like forms an inch or more in width, and 
sometimes carries copper, as on Crotty brook in Sec 7, T. 43 N., 
R. 13 W., on the St. Croix range, and at the North Wisconsin 
location on the Douglas range. The second kind of vein-like 
form occurs at the Aminicon location. Here a fracture is filled 
with material, which has likely fallen into a crack in the top 
of a lava flow, and this material was later cemented by certain 
minerals. In this vein are chalcopyrite and chalcocite ; native 
copper has also been reported. 

The vein-like form at the Stewart shaft at the Fond du Lac 
location is not a vein, but an intruded layer of igneous rock 
which has been epidotized and impregnated with copper. 

WHEBE TO 8EASGH FOB COPPER. 

In prospecting for copper operations should be confined to the 
area underlain by the igneous rocks of the Lower Eeweenawan 
(see geological maps, plates I, VII, VIII and IX). There is 
very little probability of copper being found in any considerable 
amount either in the sandstones of the Upper Eeweenawan or 
in the Lake Superior sandstone. In the northern belt of Lower 
Eeweenawan rocks the search should be confined within a few 
miles of either the southern or the northern boundary of the 
traps, — ^not because there is no copper in the intervening dis- 

>See p. 41. 
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tnct, but because outcrops are so scarce that the chances of dis- 
covering a copper-bearing layer are very much less. The hilLi 
and the streams should be visited, for in these two places out- 
crops are more likely to occur. An outcrop of some peculiar 
kind of rock may sometimes be located by tracing fragments 
of this rocky which have been distributed by a stream or hj fa- 
cial agencies, back to their original source. In doing this it 
must be borne in mind that the glacial movement in this dis- 
trict was from north to south or from northeast to southwest. 

It is not necessary here to go into a discussion of the origin 
of the copper deposits. It is only needful to state that the cop- 
per, while it may have been originally disseminated in very mi- 
nute particles throughout the igneous rocks, has been deposited 
in its present position by circulating waters. Those areas in 
which the water was most free to circulate, other things being 
equal, would be areas in which the most copper was deposited. 
Thus it is evident that the deposits of this mineral are to be 
searched for in those parts of the rock which were actually loose- 
ly textured or which were crossed by fractures. And such. 
loosely textured portions of the rock are the amygdaloidal up- 
per parts of the lava flows. When these were also fractured, 
they became still better places for the deposition of copper. 

The copper deposits of /Douglas county most commonly occur 
in these upper amygdaloidal parts of the lava flows. The cri- 
teria by which a separation can be made between two flows, 
and consequently the upper part of one flow located, have al- 
ready been given. ^ When such an amygdaloid part of a flow 
has been located, careful search should be made for copper both 
in the amygdules and in any veins or fractured parts of the rock. 
At times at the surface the native copper is not discernible, and 
its presence may be detected by the green and blue alteration 
products or stains, malachite and azurite. Areas where tl£e 
rock is highly charged with epidote, i. e., areas of a yellow or 
yellowish-green color, should be searched for particularly, as 
in these copper is likely to occur. 

When the upper amygdaloidal part of a flow has been lo- 

^See pp. 12-15. '~~'~~ ^ 
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cated, the foUowing conditions may be of service in determin- 
ing whether it should be prospected farther than can be done 
by a careful examination of the surface and of those parts which 
can be easily broken off with a hammer or pick: (1) The actual 
presence of native copper, or of the alteration products. (2) 
The loose texture of the rock, i. e., the presence of large amyg- 
dules near together or of very numerous small ones. (3) A 
layer of such amygdaloid which is several feet in thickness. 
(4) The presence of fractures or veins in the rock, in which 
are the usual vein materials. (5) The presence of areas which 
are highly charged with epidote. There is very little chance 
of success in further prospecting in an amygdaloidal layer un- 
less at least one, and preferably several, of these conditions are 
fulfilled. And to this may be added that, other things being 
«qual, such an amygdaloidal layer which immediately underlies, 
or immediately overlies, a thick non-amygdaloidal layer of rock, 
or which lies between two such thick layers, furnishes a more 
promising place to prospect. 

During the Glacial period practically all the decayed or 
weathered rock was removed from the traps of the Keweenawan, 
leaving them fresh and sound except for such changes as had 
gone on at a considerable distance below the surface. Post- 
Glacial weathering conmionly extends only a fraction of an inch 
from the surface, and only in a few places, such as in some 
fissured and very porous rocks, do the effects of weathering reach 
several inches or possibly a few feet below the surface. The de- 
posits of copper were formed very long ago and since their for- 
mation very many feet of rock have been removed by erosion in 
this district, so that what is now exposed at the surface was 
once deeply buried. With these two facts in mind, — i. e., the 
slight amount of weathered rock and the presence at the sur- 
face today of rock which was once deeply buried, — it becomes 
clear (1) that there is just as much likelihood of deposits of 
copper being found at the surface as at a distance of many feet 
below the surface, and (2) that such deposits are fully as lia- 
ble to be rich at the surface as many feet farther down. The 
practical application of these principles will lead, not to deep 
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shafts for exploratory purposes, but to the less expensive sur- 
face explorations, especially where the rock can be uncovered 
by the removal of only a few feet of overlying unconsolidated 
material. Stripping, accompanied possibly by shallow trenches 
or test pits in the rock, will bring to view a much larger area 
of a given copper-bearing bed than the same amount of ener- 
gy and money expended in sinking a deep test pit or a shaft 
Where the drift material overlying the bed rock is so thick 
as to make stripping very expensive or impossible, recourse must 
be had to a shaft or deep test pit, but even here the copper-bear- 
ing rocks can be explored more easily by running drifts and 
cross cuts from the bottom of a shallow shaft than by sinking 
a deep shaft Exploratory shafts should be sunk, not in a ver- 
tical direction, but along the dip of the lava flows. Very com- 
monly it is advisable to sink the shaft in the very top of one 
flow, using the bottom of the next overlying flow as the hang- 
ing wall of the shaft But, as long as there is so much copper- 
bearing rock which can be explored on or very near the surface, 
it is not advisable to sink shafts until the surface and shallow 
explorations have brought to light deposits which have consid- 
erable extent and value. 

The advantage of surface or shallow explorations is spoken 
of here because there is a rather prevalent opinion, among those 
who are engaged in exploratory work for copper in Douglas 
county, that rich copper ore is not to be expected at the sur- 
face, that any copper-bearing layer will grow richer with depth, 
and that a given layer is not satisfactorily proved to be worth- 
less until it has been followed to a depth of at least 200 or 
300 feet from the surface. There is absolutely no known reason 
why the copper deposits in Douglas county should increase, or 
decrease, in richness with depth. A given amount of a cop- 
per-bearing bed explored in a horizontal direction is just as 
reliable an index of the contents of the bed as the same amount 
of exploration in a vertical direction, and the former is usually 
by far the cheaper method of exploration. In fact if, as is 
reported, the copper deposits in Michigan are elongated more 
in a vertical (i. e., in the direction of dip), than in a horizontal 
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direction, the ore at times occurring in ore chutes, a given 
amount of horizontal exploration is worth more than the same 
amount of vertical exploration. During a visit to the cop- 
per district of Keweenaw point the writer made it a particu- 
lar point to inquire concerning this idea of a deposit^s in- 
creasing in richness with depth. The question was put to mine 
superintendents, mining engineers, and mining captains, and the 
invariable answer from these men, whose practical work and 
long experience rendered their statements reliable, was that this 
idea had no basis in fact ; a given deposit might grow richer, 
or it might grow poorer, with depth ; there was no rule. 

In the description of the fault along the line of junction of 
the Eeweenawan traps and the Lake Superior sandstone^ atten- 
tion was called to thef marked brecciation of the traps for a 
considerable distance from the contact. Such a brecciated zone 
would form an excellent channel for circulating waters to pass 
through and might consequently be regarded as a very favora- 
ble location for copper deposits. As far as known, however, 
this brecciated zone has not furnished much promise in this line, 
and there is reason to think that it does not contain richer de- 
posits of copper than can be found elsewhere. A probable ex- 
planation of this is that the most of the copper was deposited 
in its present position in the traps prior to the date of this fault, 
and that since the faulting there has been little copper deposi- 
tion. A similar fault exists between the traps and the Lake 
Superior sandstone on the eastern side of Keweenaw point, and 
along this fault no important copper deposits have been found. 

Large veins have not been discovered in the traps in Douglas 
county, but if such can be found they will furnish promising 
locations for exploration. 

VALUE OF THE COPPEB DEPOSITS. 

As has already been stated, and as the foregoing description 
of the geology of Douglas county has confirmed, the Kewee- 
nawan traps of this district are the same in nature, in origin 
and in age as the copper-bearing rocks of Keweenaw point, and 

»8ee pp. 17-20. 
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oonsequently might contain similar deposits of copper. In 
gard to the identity of the rocks of the two districts it may 
be well to quote certain statements made by Prof. B. D. Irving :^ 

It is therefore proper that I should Insist here that this identiflcation 
(of the bedded diabases and amygdaloids of the 8t Croix Valley with, 
those of Keweenaw Point) is also indisputable; and that it is so be- 
cause of Che absolute identity in nature and structure of the rocks of 
the two regions, and because the Keweenaw belts have been followed 
continuously from the eastern end of Keweenaw Point to the Saint 
Croix River. 

In support of the first of these assertions, I have to advance the fol- 
lowing facts. The predominant fine-grained basic rocks of the two 
regions are so completely the same in mineral composition, even to 
the alternation-products, that thin sections of rocks from the two dis- 
tricts placed side by side are not distinguishable from one another. 
The only approach to an exception to this statement is the somewhat 
greater prominence of prehnite as an alteration-product on Keweenaw 
Point than on the Saint Croix. The rocks of the two regions present 
precisely the same amygdaloidal, pseudamygdaloidal, and compact 
phases. The amygdules are made of the same minerals in both, asso- 
ciated in the same ways. Native copper occurs in the Saint Croix Val- 
ley in the same manner, and with the same associates as on Kewee- 
naw Point. Here and there an exposure may represent a dike so far 
as can be perceived, but almost everywhere the Saint Croix Valley rocks 
present precisely the same bedded structure as seen in those of Ke- 
weenaw Point. This is displayed, not only in the common step-like 
contours of the exposures, but the individual beds may be readily sep- 
arated from one another, each bed often showing sharply marked its 
upper vesicular and lower compact portions. Moreover, where the dip 
Is high and the exposures are large, as on the Snake and Kettle rivers 
of Minnesota there is to be seen a continuous series of beds, in all 
many hundred feet thick and in every respect similar to the alterna- 
tions which obtain on Keweenaw Point The same interstratified por- 
phyry-conglomerates and sandstones are met with in both regions, and 
in both regions carry at times native copper. Interbedded original 
felsitic porphyries also occur in both regions. 

In support of the second assertion, as to the actual continuity of 
the Keweenaw Point and St Croix rocks, I have to say, in the first 
place, that the evidence of this continuity is precisely the same for 
the distance between the Montreal and the Saint Croix, as for that 
between tEe Montreal and Keweenaw Point, or even the distance 



***The Copper-bearing Rocks of Lake Superior;" U. 8. Geol. Survey, Monograpb 
V, pp. 239-241, 1883. 
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between the eastern part of Keweenaw Point and its weetem portion 
at Portage Lake; that the continuity has never been disputed for the 
two latter distances; and that it should therefore be accepted at once 
for the first named distance. The evidence for all the distance between 
Keweenaw Point and the Saint Croix is just as strong as that ever 
appealed to to prove the continuity of geological formations anywhere, 
save in those very rare and exceptional regions where the rocks are 
completely bare. This evidence consists in the frequent recurrence, 
at short intervals, of the same kinds of rocks, with the same structure 
and stratigraphical arrangement; and such evidence is forthcoming 
in the present case. From Keweenaw Point to the Saint Croix, the 
formation has been traced mile by mile with a constant recurrence of 
precisely the same bedded basic rocks, with the same amygdaloldal and 
compact portions to the beds, of the same associated felsitic por^ 
phyries, of the same interstratified porphyry-conglomerates, and of the 
same native copper in veins, altered amygdaloids and conglomerates. 
The same division of the series into a Lower or prevailingly eruptive 
member, and an Upper or detrltal member, is also everywhere present. 
From Keewenaw Point to the region of Long Lake, some even of the 
subordinate members are recognizable as continuous. For the par- 
ticulars of this evidence, I refer to the detailed description of Foster 
and Whitney's report, of Vol. Ill of the Geology of Wisconsin, and of 
the present work; to the United States Land Oflice township plats; and 
to the collections of the Wisconsin Geological Survey, and of the sur- 
vey made for this report If this evidence does not constitute proof 
of continuity, then no geological formation in the United States has 
ever been proved to be continuous for more than a very few miles — 
rarely for more than a mile— except in the plateau region of the west- 
em territories. 

Other members of the former Geological Survey of Wiscon- 
Bin, — ^Prof. T. C. Chamberlin, State Geologist, and Messrs. 
E. T. Sweet and Moses Strong, — all agree with Prof. Irving in 
regard to the identity of the traps of Douglas county with those 
of Keweenaw point. In fact the actual identity of the rocks of 
these two districts is today regarded' by all students of the geol- 
ogy of the Lake Superior region as established beyond a doubt 

With this fact established, and the actual presence of deposits 
of copper in these rocks also established, there remain only two 
important points to be determined concerning the value of the 
copper deposits under discussion. These points are the richneaa 
and the extent of the deposits. 
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•The results of several analyses of copper-bearing rock froni 
the St. Croix and the Douglas ranges are given below, the firs^ 
two being from the former and the others from the latter 
range:! 

I. An average three pound piece of rock from the 
highly epidotized area on the Mooee river in Sec. 

14 (675 paces N. and 925 W.), T. 44 N., R. 13 W., 

described on page 27. Specimen No. 8,054.... 0.51 i>er cent. 
II. Average of samples from the Moose river in Sec. 
2 (765 paces N. and 870 W.), T. 44 N., R. 13 W., 
described on page 28. Specimen No. 8,072 0.67 per cent. 

III. Average of samples of the small part of a flow ex- 

posed in the bottom of a test pit at the Culligan 
location in Sec. 31 (1,697 paces N. and 113 W.), 
T. 47 N., R. 14 W., described on page 33. Speci- 
men No. 8,497 4.19 per cent. 

IV. Average samples from the ore thrown out from a 

pit or trench at the Copper Creek location in Sec. 

15 (233 paces N. and 41 W.), T. 47 N., R. 14 W., 

described on page 34. Specimen No. 8, 401 0.29 per cent. 

V. Average samples from the brecciated belt at the 
Copper Creek location, described on page 35. 

Specimen No. 8, 417 ' 0.35 per cent. 

VI. Selected samples from pit on hill top at the Copper 
Creek location, Sec. 15 (480 paces N. and 500 W.), 
T. 47 N., R. 14 W., described on page 36. Speci- 
men No. 8, 425 * 1.60 per cent. 

VII. Selected four i)ouDd piece from the ** vein " at the 
Stewart shaft on the Fond du Lac location, de- 
scribed on page 37. Specimen No. 8, 764. See 
next analysis 3.64 per cent. 

VIII. Same as last. In taking from No. 8,864 the forty 
grams for examination two pieces of metallic cop- 
per were found weighing 1.34 grams. To aso^r- 
tain if this was an average sample another por- 
tion of forty grams was taken which gave 0.39 per cent. 

* These analysefif, except .. and XII, were made by Prof. W. W. Daniells of 
the University of Wisconsin. XII was made by Mr. George H. Ellis of Chicago 
and X by Mr. E. F. Burchard of Northwestern Unlrerslty. 

"The copper here appears to be coated by a film fo silver, but a test for sllyer 
gave a negative result. 

*Also tested for nickel, but with a negative result. 
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IX, Average samples from a fractured vein-like area in 
the Little Maude lode, Fond du Lac location, de- 
scribed on pa^e 38. Specimen No. 8, 326 . 99 per cent. 

X. Other samples same as last 1.25 per cent. 

XI. Average six pound piece from one of the highly 
epidotized areas in the shaft at the Percival lo- 
cation, described on page 42. Specimen No. 8, 706 . 1 . 37 per cent. 
XII. Same as last, one pound piece 1.21 per cent. 

In regard to the richness of the deposits the foregoing analyses 
show that there are certain bodies of rock, as far as known of 
limited extent, however, which contain sufficient copper to be 
termed copper ore. Ore which averages one per cent of copper 
will, with the present prices, under favorable conditions and 
economic working produce a profit. But such ore must occur in 
beds or veins several feet in thickness and of considerable ex- 
tent vertically or horizontally, i. e., large amounts of the ore 
must be accessible. It should be borne in mind, however, that 
these analyses, while being in some cases analyses of the average 
of small masses of the rocl^, are in no cases analyses of average 
samples of a bed or vein which have been shown to be of any 
considerable extent. And just here is the last, and consequently 
the important, point to be established concerning the value of 
these copper deposits, — are any of them extensive enough to be 
worked at a profit ? This is a question, not of theory, but of 
fact, and a perfectly conclusive answer to it can be had only as 
a result of extensive exploration. At the same time some light 
may be thrown upon it by a consideration of the results of the 
exploration already done and by a consideration of certain geo- 
logical features. 

As far as the results of the exploration which has been carried 
on thus far, — and there has been considerable of it, — were open 
to the inspection of the Survey, it can be stated that in no place 
was a deposit of copper, which was of sufficient richness, shown 
to be of any great extent. The results of some of the old ex- 
plorations were not available, nor was it possible to investigate 
certain workings now filled with water, but the Survey parties 
were very freely allowed to investigate the workings in active 
operation. In several places a layer of sufficiently good ore one 
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or two, or possibly more, feet in thickness was exposed, but on 
following this a few feet along the strike, or in the direction of 
the dip, the copper content rapidly decreased. In layers, in 
which were highly epidotized masses containing copper in con- 
siderable amount, it was found, where full investigation was 
made, that these masses were of limited extent and that outside 
of them there was only a small amount of copper. On the other 
hand there were a few places where a small amount of a copper- 
bearing layer was exposed, and what was exposed was of a good 
quality of ore. In these cases further work is necessary ta 
demonstrate the extent of this good ore. 

One noticeable fact in the copper-bearing rocks of Donglaa 
county is this irregular and uncertain distribution of the copper 
in any given bed. This 'Tbunchy*' nature of the deposits is also 
a characteristic of the Keweenaw Point district, where even the 
best copper-bearing layers are in places very poor in copper, and 
where in even the richest mines at times considerable barren rock 
is found. Because of this uncertain and sporadic distribution 
of rich rock in a given copper-bearing layer, it is clear that an 
investigation of such a layer at one point will show nothing con- 
clusive either as to the richness of the layer. 

It is a noticeable fact in the Keweenawan traps of the Doug^ 
las and St. Croix ranges that the flows are of small thickness- 
and that in one locality several of these flows are copper-bearing. 
Thus in a given thickness of rock there are several amygdaloidal 
layers, in each of which copper is deposited in small amounts. 
It seems reasonable to state that, if in this same thickness of rock 
there had been but one amygdaloidal layer, this would have 
served as a place of concentration for the copper which is now 
scattered in several layers. This was in view when the state- 
ment was made that, other things being equal, an amygdaloidal 
layer between two thick non-amygdaloidal layers was a promis- 
ing place to search for copper.^ As far as the writer knows, the 
amygdaloidal layers in the best parts of the Keweenaw Point 
district are, in a given thickness of rock, much fewer in number 
than in the localities explored in Douglas county. 

»8e€ p. 47. 
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The absence of interbedded conglomerates in the traps on the 
north side of the syncline in Douglas comity probably has no 
bearing on the question of the value of the copper deposits. The 
frequently reported finding of "float" copper in the drift should 
be noted, but these loose pieces of copper may have been trans- 
ported by glacial ice from localities many miles distant. 

The writer has attempted to give a calm and imprejudiced 
statement of the facts which bear upon the question of the value 
of th§ copper deposits on the Douglas and St. Croix ranges. 
These facts may be summarized as follows: (1) The identity 
of the rocks with those of Keweenaw point. (2) The presence 
of native copper. (3) The presence, in places, of sufficient 
copper to form an ore of value. (4) In most of these places 
exploration has shown that the rich rock is only of limited ex- 
tent. (5) In a few places exploration has not gone far enough 
to show the extent of the rich rock. (6) The "bunchy'^ dis- 
tribution of the copper in any layer. (7) The presence in a 
given thickness of rock of several amygdaloidal layers, rather 
than one layer. From a consideration of these facts it is, with 
our present knowledge, impossible to answer satisfactorily the 
question as to whether or not copper deposits of economic value 
will be found in this district, but to the present time no such 
deposit has been shown to exist. 

Note. After this report was written some of the localities on the 
Douglas range were again visited (March, 1900). Explorations at the 
Copper Creek and at the Culligan locations have been carried for- 
ward to a small extent. At the Fond du Lac a shaft has been sunk 
on the Little Maude lode. At and just above the upper falls of Black 
river some blasting has been done in two copper-bearing layers. Just 
below Black River falls two tunnels are being dug. One of these is 
in the traps, but near the contact with the sandstone, and runs about 
parallel with this contact. The other cuts across the trap flows about 
at right angles to the strike. The Tesults of these additional explora- 
tions do not make it necessary to alter any of the statements made 
in this report. 

Recent explorations for copper in the southeastern corner of Doug- 
las county, on the south side of the syncline of Keweenawan rocks 
and outside of the area studied by the Survey, are reported to show 
very encouraging prospects. 
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